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REMINISCENCES OF GERMAN ROCKETRY 
By Dr. WERNHER VON BRAUN* 


The year 1928 brought the embryo science of rocketry very much to the fore 
in the German Reich. The newspapers carried headlines announcing the 
spectacular successes with reaction-propelled automobiles of Max Valier, Fritz 
von Opel and Friedrich W. Sander and devoted considerable space to Robert H. 
Goddard's project for launching a stratospheric rocket in his native United 
States of America. Even from Russia came studies and data. Rocketeers from 
all over the world communicated willingly and unrestrainedly, each with the 
eventual attainment of space travel in view and anxious to assist whoever might 
be devoting himself to the same objective. 

The doyen of German rocketry was Hermann Oberth, despite his Roumanian 
citizenship. Nothing daunted by the abortive launchings of Johannes Winkler’s 
methane-powered W-2, Oberth supported the Verein fiir Raumschiffahrt (of 
which Winkler was president) in the most energetic manner and proceeded to 
reaction-motor tests with interplanetary rocketry in view. 

Into this atmosphere of adventurous science there suddenly erupted the 
meretricious influence of the cinema at its most venal. 

To attract public attention to a forthcoming celluloid spectacle entitled 
“Frau im Mond,” the great film combine UFA called Oberth in for technical 
consultation and asked the use of his name in sponsorship. In return, Oberth 
was given facilities for testing one of his early petrol-oxygen motors. While 
these were in progress, amid inflammable scenery of an UFA storage shed, the 
film magnates conceived the idea of firing a full-scale rocket to coincide with the 
first showing of their Moon-woman film and thus attract spectators to the 
theatre. The unsuspecting Oberth fell in with the mad plan and the grasping 
filmsters proceeded to establish their camera-men at the resort of Horst before 
Oberth had even devised a method of charging his rocket with liquid oxygen. 
It soon became apparent that no rocket launch adequate for the publicity 
purposes of the cinema industry could take place. The project was called off 
and Oberth returned in justified disgust to his home in Roumania, not to return 
until the spring of 1930. It was then that the author had the good fortune to 
fall in with him through the kind offices of Willy Ley. 

Busy as I was with my student engineering work at a Berlin locomotive shop, 
I devoted all my spare time to assisting Oberth. He was testing a steel 
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Kegelduese’’—a conical rocket motor—at the Chemisch-Technische Reichsan- 
stalt. The equipment was elementary. It consisted of a greengrocer’s scale 
bearing a pail of water from which protruded the tiny nozzle. A Dewar flask 
for oxygen, a bottle of nitrogen with pressure reducer, a petrol tank and copper 
piping to connect the latter and the Dewar flask to the motor completed the 
installation. 

Oberth’s assistants included the writer, Rudolf Nebel and Klaus Riedel. 
Nebel was later to direct the Rakentenflugplatz while Riedel was to be in charge 
of testing at Peenemiinde. It was Riedel who performed the somewhat 
perilous task of igniting the little ‘“‘Kegelduese’’ in its water-filled pail. A dodger 
or shield had been placed at some distance from the thrust-balance and it was 
no small trick for Riedel to toss a burning petrol-soaked rag over the gas-spitting 
‘‘Kegelduese’”’ and take cover before the motor started with an ear-splitting 
roar. For a large man of more than fourteen stone, his agility on these 
occasions was little short of miraculous. Professor Oberth supervized the pro- 
ceedings with tight-lipped saturninity. The latter manifested itself in sarcastic 
remarks delivered in a Transylvanian brand of German which fell heavily on 
the ears of his listeners 

Oberth’s struggles were rewarded in August, 1930, when he was able to 
summon a certain Dr. Ritter of the Reichsanstalt for the purpose of certifying 
that the ‘‘Kegelduese’’ had generated a thrust of 7 kg. for a period of 90 seconds 
and consumed 4.97 kg. of petrol and liquid oxygen in the process. This was 
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the first appearance in Germany of the liquid fuel rocket motor as a full-fledged, 
officially recognized and attested member of the internal-combustion engine 
family. 

Shortly after this happy event Professor Oberth was forced by financial 
considerations to resume his teaching post in Roumania, but without diminishing 
the zeal for space travel which infected his erstwhile assistants. Rudolf Nebel 
stepped without ado into the place of leadership. Nebel had been a fighter 
pilot in the war of 1914 and his entire character was at great variance to that 
of Oberth. Where Oberth was cautious, Nebel was bold both as to assertiveness 
and in action. One of his favourite theses was that specialized equipment could 
be overdone. He contended, not without some reason, that a good directory 
of manufacturers would turn up current products fitting the needs of even 
rocket “‘inventors.’’ While this thesis became less and less applicable as rocketry 
advanced, it was amazing to what extent Nebel’s ‘““make-do” philosophy was 
usable in the early stages. 

Shortly after taking over, Nebel set about securing a base at which future 
work might better be carried out than at the Reichsanstalt. He found a disused 
ammunition storage area near Reinickendorf, a suburb of Berlin, and his per- 
suasiveness induced the city fathers to give him a free lease on it for an indefinite 
period. It had an area of some 300 acres and included various buildings and 
bunkers surrounded by blast walls, as well as several concrete blockhouses—all 
badly overgrown by weeds and underbrush. We set up operations in one of 
these blockhouses in September, 1930, after mounting a somewhat grandiloquent 
sign reading ‘“‘Raketenflugplatz Berlin.’’ Our finances were almost nil but our 
enthusiasm was immense. Nebel’s skill at wangling was such that we had no 
need te despair. 

As an example of his acquisitional aptitude, he once talked a Director of 
Siemens Halske A.G. out of a goodly quantity of welding wire by vividly picturing 
the immediacy of space travel. Our own use for such wire was extremely small, 
but Nebel offered it to a welding shop in exchange for the labour of a skilled 
welder—which we badly needed. 

Our labour force cost nothing by reason of the then prevailing general 
unemployment. Many a draughtsman, electrician, sheet-metal worker and 
mechanic was but too happy to take up residence rent-free in one of our buildings 
and to maintain his skill at his trade. Soon there were some fifteen craftsmen 
living in our refurnished buildings and working eagerly on the tasks we set them. 

Machine tools, raw material and office equipment gradually accumulated as 
Nebel wove his spells around those who could spare them and who were suscep- 
tible to the lure of space travel. This went so far that Nebel made it a principle 
of business never to purchase anything, even if money was available! Not 
being able to pay our labour force, we fed them free of cost from a neighbouring 
soup-kitchen operated by a groupofcharitablewomen. Nebel owned a venerable 
motor-car and Royal Dutch Shell provided us liberally with petrol and oil on 
the grounds that rocketry would eventually create a new demand for their 
products. The car was used to bring the food to the work, which fortunately 
was not restricted to soup. . . . 

There can be no doubt that our enterprise was mainly based upon optimism 
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and wishful thinking, but this did not prevent our achieving very considerable 
advances in the design of and experience with rocket motors. We had yet, 
however, to get our first rocket into the air: without such a tangible and visible 
manifestation to our credit, we could not well hope to continue the tenuous hold 
on life of our pretentions, ‘‘Raketenflugplatz.” 

In order to do so, Klaus Riedel produced a hasty design which Nebel desig- 
nated “‘Minimum Rakete.’’ He shortened this appellation to ‘‘Mirak,’’ which he 
amusingly suggested might likewise imply “minimum effort plus miraculous 
achievement.” Several months later we completed a motor whose static tests 
indicated that it was suited to free flight. Riedel developed a valve and ignition 
system for remote starting of this motor with the operator safe within a shelter. 
The design of Mirak I provided for the motor being in the nose; but the reason 
for this was not any profound trust in that particular configuration: rather was 
it subservience to Nebel’s proclivity for utilizing such material as came free of 
cost to his hand. Nevertheless, rocketry journals discussed at length such 
matters as the nose-drive design’s effect upon stability. Actually, Nebel had 
acquired, free of cost as usual, a trunkload of aluminium piping whose diameter 
precluded any structure other than one in which the motor dragged the tanks 
by the feed-lines ! 

In the summer of 1931 the writer left Berlin and the Raketenflugplatz for 
the purpose of continuing his studies at the Institute of Technology at Ziirich. 
Here Constantine Generales, an American medical student, who later practised 
in New York, became interested in the medical aspects of space-flight. It 
appears that the first experiments in space medicine took place under the 
direction of the two students. 

We constructed a primitive centrifuge capable of accommodating mice and 
subjected a number of these unfortunate beasts to its effects. Generales then 
dissected the victims in search of physiological data. He was able to state that 
cerebral haemmorhage was prominent among the lethal effects suffered under 
high accelerations. This finding has been sustained by subsequent investigations 
into the subject at various institutions of aviation medicine. Our own inquisi- 
tions were summarily interrupted by my landlady’s violent objections to a ring 
of mouse-blood upon the walls of my otherwise neat Swiss room. 

In October, 1931, I returned to Berlin in time for the first public demonstra- 
tion of Mirak I. Nebel had induced a representative group of local industrialists 
to witness the launching and had collected the modest sum of one mark from 
each. Due to defective pressurization of the propellant tanks, however, the 
thrust was insufficient to do more than raise Mirak I half-way up the launcher 
tracks. As the propellants exhausted themselves, it sank peacefully back into 
its original position, to the very considerable embarrassment of its originators. 
Although the spectators retired in some doubt as to whether the admission fee 
should be returned, the indefatigable Nebel was not in the least discouraged and 
within a few weeks’ time, successful Mirak I launchings became commonplace. 
The pencil-shaped rocket with its short, smokeless jet above the tanks, would 
slide smoothly out of the launcher rails and climb to 1,000 or 1,200 ft., which 
altitude it reached some seconds after power cut-off. Then a small parachute 
would emerge from the tail. This ‘chute sufficiently slowed the descent that 
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Klaus Riedel on occasion was able to reach the anticipated point of impact and 
leap out of the motor-car in time to seize the descending rocket and prevent any 
damage. In such cases, Mirak I could be re-launched immediately after the 
tanks had been re-charged. “‘Hand landings,” as we called these incidents, 
frequently were followed by celebrations of a not wholly teetotal order. 


The Military Takes Notice 

Nebel’s enthusiastic salesmanship brought us to the attention of certain 
members of the Ordnance Department of the Reichswehr as of the spring of 
1932. Rocketry offered an approach to a long-range weapon unrestricted by 
the treaty of Versailles whose inditers had not thought of such a development 
at the time it was written. It was with no particular surprise that we recognized 
three inconspicuous civilian visitors who called on us as representatives of the 
Ordnance Department. All three were to play important roles in the future 
development of liquid rockets. They were Colonel Professor Doctor Karl 
Becker, Chief of Ballistics and Ammunition, Major von Horstig, his ammunition 
expert, and Captain Doctor Walter Dornberger, in charge of powder rockets for 
the Army. 

Our unobtrusive but sagacious visitors showed not the slightest interest in 
seeing Mirak I fly. Rather did they concentrate on the thrust balance during 
static firing and on such meagre diagrams and data as we could lay before them. 
They showed some interest in our still untested Mirak II, an enlarged version of 
Mirak I. Great was our satisfaction when Nebel signed with them a contract 
for the sum of 1,000 marks, contingent upon a successful firing of Mirak II at 
the Army Proving Grounds of Kummersdorf. 

Early one beautiful July morning in 1932 we loaded our two available motor- 
cars and set out for Kummersdorf which lay some 60 miles south of Berlin. As 
the clock struck five, our leading car with a launching rack containing the silver- 
painted Mirak II atop and followed by its companion vehicle bearing liquid 
oxygen, petrol and tools, encountered Captain Dornberger at the rendezvous in 
the forests south of Berlin. Dornberger guided us to an isolated spot on the 
artillery firing range where were set up a formidable array of phototheodolites, 
ballistic cameras and chronographs—instruments of whose very existence we 
had theretofore been unaware. 

The launcher was erected and the rocket fuelled by 2 o'clock in the afternoon. 
At the signal, Mirak II soared upwards for a distance of some 200 ft. Here, 
however, its trajectory had become almost horizontal so that the rocket crashed 
before the parachute could open. 

The ordnance experts announced that Mirak II was far too unpredictable to 
meet their requirements. Even Nebel’s irrepressible optimism failed to induce 
them to carry on. Repeated visits to the Ordnance Department brought no 
softening of their attitude and Nebel complained time and again that the men 
with whom he dealt refused to see the value of a new and revolutionary means 
of propulsion unless it were presented with concrete data on such matters as 
guidance methods, trajectories, propellant consumption and the like. I finally 
decided to beard the lions in their den, and armed with the meagre scientific 
data we had I called upon Colonel Becker. He was by no means such an ogre 
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as had been represented by Nebel. Despite his uniform, Becker seemed to be 
broadminded, warm-hearted and a scientist through and through. 

“We are greatly interested in rocketry,”’ said he, “‘but there are a number of 
defects in the manner in which your organization is going about its development. 
For our purposes, there is far too much showmanship. You would do better to 
concentrate on scientific data than to fire toy rockets.”’ 

My answer was that we would gladly supply such information if only we 
had the necessary measuring equipment to obtain it. Then I attempted to 
persuade him that our showmanship was necessary as a means of relieving our 
chronic financial stringency. Becker, however, was not slow in pointing out 
the incompatibility of any and all forms of showmanship with the development 
of a long-range arm in the Germany of 1932. He finally offered us a degree of 
financial support providing that we were prepared to do our work in the anony- 
mity assured by the walls of some Army enclave. There'd be no military 
rocketry at Reinickendorf. 

When I returned to the Raketenflugplatz I found Nebel anything but 
enthusiastic about again submitting to the rigours of military control. He'd 
had enough of that during his Service years. His dread of ‘‘ignorant people who 
would hinder the free development of our brain-child’’ brought long and acrid 
arguments between us. 

Nor was Klaus Riedel eager to embrace the Army’s restrictive offer. It 
was his contention that private enterprise with space travel as its goal could 
procure the necessary finances for such a worthy objective. Exactly how he 
proposed to bridge the gap between our small, sputtering rocket and a huge, 
passenger-carrying spaceship wasn’t quite clear to us, nor, it may be supposed, 
to him. Full well he must have known that it would require a truly vast 
expenditure. 

The writer was fully aware that the toy-like Mirak II was indeed a trifling 
approach to a real liquid rocket. Problems such as gyro controls, jet vanes, 
actuators, cut-off control, feed pumps, electromagnetic valves, turned over and 
over in my mind. I was sure that Reinickendorf was utterly inadequate even 
to commence the vast experimental programme which must be the precursor 
of success. It seemed that the funds and facilities of the Army were the only 
practical approach to space travel. 

It is, perhaps, apropos to mention that at that time none of us thought of 
the havoc which rockets would eventually wreak as weapons of war. There is 
not a word of truth in the widely circulated rumour that the Raketenflugplatz 
sold out to the Nazis. To us Hitler was still only a pompous fool with a Charlie 
Chaplin moustache. We were very much in the position of aviation pioneers 
when the airplane could only be developed because of its military value. With 
considerable reluctance we agreed that we could not ignore Colonel Becker’s 
offer. Nebel and Riedel rather unwillingly permitted the writer to depart to 
become a member of the Army’s rocketry section. From such a position, I 
hoped to assist Reinickendorf and, in the case of dissolution of the Raketenflug- 
platz, to offer economic shelter under the Army aegis to my friends. Little did 
we imagine that a mere five years would see most of us working together again 
at the great rocketry centre at Peenemiinde. . . . 
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A-1 and A-2 

On November 1, 1932, the writer found himself a civilian employee of the 
Army, charged with the development of liquid rockets. My laboratory was one 
half a concrete pit with sliding roof; the other half being devoted to powder 
rockets. My staff consisted of a single mechanic and my work orders disappeared 
in an artillery shop filled with jobs of higher priority than mine. Requisitions 
for materials spent an interminable time on the desks of bureaucrats in some 
dim, Olympian section of the Kummersdorf proving grounds. Not until 
January, 1933, was the first, small, water-cooled motor ready for static firing. 
To the amazement of the authorities, it developed a thrust of 140 kilograms for 
60 seconds at its first test. Then troubles began. Ignition explosions, frozen 
valves, fires in cable ducts and numerous other malfunctionings beset the work 
so that the writer was hard put to find their cures. 

At this point, Nebel’s assertion that modern inventing consists largely in 
combining known and manufactured elements came to my rescue. It was 
feasible to call in welding experts, valve manufacturers, instrument makers and 
pyrotechnicists whose fees the Army was graciously pleased to pay, and with 
their assistance a regeneratively-cooled motor of 300 kilograms thrust and 
propelled by liquid oxygen and alcohol was static tested and ready for flight 
in the A-1 rocket which had been six months a-building. Within half a second 
of firing it burst into fragments. Delayed ignition detonated an explosive 
mixture which had accumulated in the combustion chamber. 

A second A-1 with improved ignition might have flown well, but certain 
other factors called for a complete redesign named A-2. In this, the large fly- 
wheel which had been in the nose of A-1 was moved to a location between the 
propellant tanks; almost on the centre of gravity. The brute force of this gyro 
was to effect stabilization, for it actuated no vanes or rudders through servo- 
mechanisms. 

Not until December, 1934, were twin A-2’s (christened Max and Moritz) 
ready to be launched from the Island of Borkum in the North Sea. Both reached 
altitudes of about 14 miles some few days before Christmas and were considered 
successful by the military. 


Valier’s Legacy to Rocketry 

Max Valier had continued his experiments with liquid rocket motors with 
a group of rocketeers which included Walter Riedel. It was in the arms of the 
latter that Valier expired when he was wounded in the throat by fragments of 
an exploding rocket motor. Under Riedel the group carried on their work under 
Army auspices at the Aktiengesellschaft fiir Industriegasverwertung at Britz, 
near Berlin, in strictest seclusion. It was far more systematic and scientific 
than anything at the Raketenflugplatz and it was a great satisfaction to the 
writer when the Army decided to merge this project with that of Kummersdorf 
at the latter place. This brought Riedel with his skill and experience at design 
problems to complement the preference of the writer for formulating specific 
tasks and outlining problems. Riedel later became Chief Designer at Peene- 
miinde with hundreds of designers and draughtsmen to do his bidding. Hardly 











132 DR. WERNHER VON BRAUN 
a rivet or washer in our experimental A-3, A-5, A-9 and particularly the A-4 
(V-2) can have escaped his personal scrutiny. He became a friend as well as 
a collaborator to his colleagues: among his staff his paternal, though severe 
direction evoked the sobriquet of ‘““Papa.’’ “Papa Riedel’’ went to England at 
the end of the war, where it is hoped that his capabilities have been fully 
utilized. 

Arthur Rudolph, another of Valier’s co-workers, soon joined the Kummers- 
dorf group. In his spare time he had built a complete alcohol-oxygen rocket 
power-plant which made two wholly successful static runs at first trial. Rudolph 
later took charge of outfitting and managing the great model shops at Peene- 
miinde and likewise laid the groundwork for quantity production of the A-4. 


A Set-back: the A-3 

The successful flights of Max and Moritz, the A-2 twins, gave quite a spurt 
to rocket development, accompanied by a loosening of the official purse-strings 
and considerable elation among the rocketeers, who immediately proceeded 
with A-3, a well advanced design for an instrumented rocket. It was to have a 
full-fledged, three-dimensional gyro control system, jet rudders and rudder 
actuators, and was to lift a considerable load of recording instruments. The 
design originally called for supersonic velocities, but continued addition of 
supplementary loads increased the weight excessively. Among the innovations 
piled into A-3 were a liquid nitrogen pressurization system to replace the thick- 
walled nitrogen flask of A-2, together with a vaporizer. The novel alcohol and 
oxygen valves were operated pneumatically by magnetic servo-valves. These 
included all the characteristics of those later used in the A-4; pre-eminently the 
two-stage flow feature which largely eliminated the hazard of ignition explosions. 

The gyro control system was designed by an ex-Austrian naval officer by the 
name of Boykow. Having resigned his commission prior to 1914 in order to 
become an actor, he had a somewhat broader concept of life in general than most 
of our engineers and scientists. He was called back to naval duty upon the 
outbreak of World War I and served as destroyer captain and then as aviator 
before the subject of torpedoes and their gyros obsessed him. Boykow’s brilliant 
mind secured hundreds of patents relating to gyros and their uses, not only in 
torpedoes but in compasses and stabilized fire control devices. Principles only 
interested him: details of design or operation he scorned, regardless of the Navy’s 
complete reliance upon his gyroscopic sapience. His approach to the wholly 
novel problems posed by rocketry turned out some fearful and wonderful gyro 
gear, for few of us had any knowledge of gyroscopy and none dared question the 
competence of the great naval expert. 

When three A-3’s were launched from the Griefswalder Oie, a tiny island in 
the Baltic, the gyro gear bore the blame. Here, where Winkler had vainly 
attempted to launch his methane rocket in 1928, we set up our A-3 on its tail- 
fins in the summer of 1937. It was the first launching without guide rails: a 
rocket dependent upon gyroscopic stability during initial slow flight. 

The first A-3 was partly painted with a highly hygroscopic green dye 
intended to colour the sea-water at the point of impact. During the delay of 
several hours which preceded the firing the cold oxygen caused the moist sea 
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air to condense and dissolve this dye which trickled down the fins and shorted 
various electrical circuits via the cable terminals leading to the interior of the 
rocket, thus causing further delay. A boat loaded with observing dignitaries 
deluged us with radio queries during this period, made urgent by the effect of 
a heavy ground swell upon the occupants. 

At long last the final adjustment was made and the starting button was 
pushed. The ignition functioned to perfection and the first A-3 began to rise 
majestically towards the zenith. It continued for about five seconds until the 
parachute emerged, streaming into the fiery jet which consumed it in an instant. 
The bird began to spin, tumble, and crashed into the sea. 

In the hope that the parachute and its mechanism had been responsible for 
the failure, it was omitted when the next A-3 was launched, but without success. 
Again the rocket spun, tumbled and crashed. 

The greatly disappointed engineering staff gathered to discuss the possible 
causes of the dual failure. Might it be that the jet rudders lacked adequate area 
to counteract the aerodynamic trend to pull the missile into the wind! This 
would not explain the fact that the spin began before the pull into the wind 
became manifest. The roll control system had worked perfectly when the 
rocket was tested in gymbals on the test stand. . . . We wondered whether 
the actuator velocity might be too low and whether wind could affect roll 
stability. ... 

It was decided to await a windless day for the test of our remaining A-3, 
which we determined to launch without alterations. Alas, number three 
malfunctioned as had the others. 

It now appeared that a complete redesign of the control system was in order 
and some of the principles advocated and utilized by Boykow fell under sus- 
picion. It was found that many of his ablest aides and coadjutors were in dis- 
agreement with him, so we drew up a completely new set of specifications for 
the guidance system. Since it would take at least eighteen months for this 
system to be worked out and be ready for another test, we used the time to 
correct several other shortcomings in the A-3, notably those in the fuselage. 
The modified A-3 was to be known as A-5 in order to avoid the stigma of the 
earlier failures. The designation A-4 was left open to be applied to the more 
ambitious project which we had hoped would follow A-3. 


Ample Finances at Last 

While work on A-3 and A-5 was in progress, Hitler’s power was rising and 
the Luftwaffe became the recipient of a degree of generosity not extended to 
other branches of the Wehrmacht. Luftwaffe officers up to the rank of general 
were young, enterprising and receptive; and didn’t suffer from the hidebound 
mentalities and masses of red tape which handicapped the Army and Navy. 
In January, 1935, we were visited by Major von Richtofen, a cousin of the great 
ace of World War I. Von Richtofen was in charge of aircraft development for 
the Luftwaffe and later became a Field Marshal under Goering. His object at 
Kummersdorf was to investigate the possibilities of liquid rocket aircraft power. 
This was initially to be tried in a conventional aircraft and eventually to be 
applied to a specially designed all-rocket plane. 
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Von Richthofen evinced not the slightest embarrassment at asking an 
artillery experimental station to develop an aircraft power plant. No obstacles 
were placed in the way of our accepting the job, and within a week the energetic 
and forward-looking Dr. Ernst Heinkel sent a crew of engineers to collaborate 
in mounting our rocket drive on a Heinkel 112. The first static tests with this 
device, installed in the fuselage and operated from the cockpit, were carried out 
during the summer of 1935. They were observed by a group of Luftwaffe 
officers who were first incredulous and then amazed. 

Von Richthofen was much impressed by the rapidity with which his desires 
had been complied with and urged that the work on the all-rocket fighter design 
begin without delay and also that we proceed to develop a jet-assisted take-off 
device for heavy bombers. Our facilities at that time consisted of some 80 
people and a small experimental station sandwiched in between two of the 
Kummersdorf artillery ranges. Von Richthofen’s demands could not be 
accommodated in such close quarters. Nothing daunted, the doughty Major 
promptly offered us five million marks for building more ample facilities at some 
other location. 

His offer constituted an unprecedented breach of military etiquette as 
between branches of the Wehrmacht. The writer’s immediate superior, Colonel 
von Horstig, solemnly led me into the office of General Becker who had become 
Chief of Army Ordnance. The General was wrathfully indignant at the 
impertinence of the Junior Service. 

“Just like that upstart Luftwaffe,’ he growled, ‘‘no sooner do we come up 
with a promising development than they try to pinch it! But they'll find that 
they’re the junior partners in the rocket business !”’ 

“Do you mean,” asked Colonel von Horstig in astonishment, “that you 
propose to spend more than five millions on rocketry ?”’ 

“Exactly that,” retorted Becker, “I intend to appropriate six millions on 
top of von Richthofen’s five !” 

In this manner our modest effort whose yearly budget had never excceded 
80,000 marks, emerged into what the Americans call the “big time.’’ Thence- 
forth million after million flowed in as we needed it. 


Rocketry at Peenemiinde 

With ample funds at our disposal, we were unspeakably irked by the cramped 
quarters at Kummersdorf. We were anxious to move as soon as possible to a 
site which would permit us to fire rockets over ranges of 200 or more miles and 
for this the seacoast was obviously indicated as offering maximum safety. 

The neighbourhood of the Baltic village of Peenemiinde offered exactly 
what we needed and four weeks after Christmas in 1935 a Luftwaffe civil 
engineer was in residence there preparing for construction with the eleven 
million marks assigned to our project by General Becker and Major von 
Richthofen. 

The installation at Peenemiinde was some two years a-building and was 
exceedingly elaborate. In April, 1937, our rocketeers moved to the Baltic and 
seemed almost lost in the tremendous plant. Increased personnel was needed 
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and the personal satisfaction of the writer was great at being able to send out 
a call for those who had learned to love rocketry at the old Raketenflugplatz. 


The Magdeburg Episode 

After Kummersdorf began to work seriously on liquid rockets the Raketen- 
flugplatz remained an entity until the summer of 1934 and made considerable 
progress. When it did close Klaus Riedel reported the occurrence as follows: 

Money and means were, as usual, short, and Rudolf Nebel planned one of 
his foraging forays. 

“What we need,” said he, “is municipal patronage. I have been selling 
wireless sets in the city of Magdeburg and I find that the whole town suffers 
from an inferiority complex as a result of its being overshadowed by its neighbour, 
Berlin. Furthermore its civic mind has always had a scientific bent since the 
Magdeburg city fathers financed Otto von Guericke’s experiment with the 
evacuated copper sphere in 1610 A.D. Their descendants are just what we need 
in rocketry. I'm off to interview the Mayor of Magdeburg !” 

So saying, he drove off leaving his listeners wagging their heads in wonder- 
ment whether he could succeed this time. 

Three or four days later there arrived a postcard reading :—‘‘Greetings from 
Magdeburg. Negotiations progressing nicely. Hope to have money soon.— 
Rudolf Nebel.” 

It was not long before he returned with a full 40,000 marks with which to 
fill the empty Raketenflugplatz coffers. He described in detail how the Lord 
Mayor had supported his appeal to the business men of Magdeburg, but it was 
only after considerable prying on the part of the rocketeers that he confessed 
that he had committed the Raketenflugplatz to fire a full-scale, man-carrying 
rocket from Magdeburg’s airport ! 

Any such project was, of course, rather on the fantastic side, even with the 
provision that a scale model should precede it. As a matter of fact, the cost of 
the scale model exceeded the money available. Delegations from Magdeburg 
began to appear with alarming frequency and their questions became more and 
more embarrassing. Nebel would doubtless have been in very serious trouble 
had not the Nazis opportunely swept away the entire Town Council of Magdeburg 
soon afterwards. 

The actual dissolution of the Raketenflugplatz followed shortly by reason of 
inability to pay its water rate. The free lease had not included water, and 
several taps had been dripping away for years in abandoned buildings. Thus, 
when the water bill was presented, it was truly astronomical. At any rate, it 
was the end of the Raketenflugplatz. 

The Aircraft Instrumentation Division of Siemens took over many of the 
key-men and Kummersdorf maintained cordial relations with Siemens. It was, 
therefore, not difficult to effect their transfer to the newly-founded Peenemiinde 
Rocket Centre. This brought Klaus Riedel, Hans Hueter, Kurt Heinisch and 
Helmuth Zoike back to their beloved work. 

Rudolf Nebel went into an independent business of his own. It may be 
doubted whether his genius at salesmanship would have found a place in such 
an organization as Peenemiinde. Such need for salesmanship within the 
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Government as existed, and it was very considerable, was filled by General 
Dornberger’s consummate skill. 


General Dornberger 

As the limitations of powder rockets became recognized, General Dornberger 
devoted more and more of his attention to liquid rockets. At first he was in 
charge of both types, but finally he placed the former in subordinate hands and 
applied himself entirely to the latter. From his Berlin headquarters he skilfully 
piloted the liquid rocket programme around all the reefs and shoals which beset 
its course. Advances in the art of reaction propulsion, present and to come, will 
owe much to Dornberger’s vision, perseverance and sterling character. 


A-5 and Progress 

Successful launchings of A-5 were made during the summer of 1938, albeit 
without the new guidance system which the failure of A-3 had shown to be 
necessary. Not until autumn of 1939 could this system be installed, and when 
it was, it worked perfectly. 

After weeks of awaiting clear weather on the Griefswalder Oie it was decided 
to fire the first controlled A-5 despite a prevailing 3,000-ft. cloud ceiling. The 
slim missile rose steadily from its platform and, without the slightest oscillation, 
disappeared vertically into the cloud. The thunderous roar of its jet smote the 
ears of the listeners for upwards of a minute. Then all was silence. Some five 
minutes later the island resounded to cries of joy, for the missile reappeared 
suspended by its parachute and slowly sank into the Baltic, a bare 200 yards 
offshore. It was quickly hauled aboard a salvage boat and could have been 
relaunched immediately, except for the sea-water with which it was drenched. 

Some twenty-five A-5’s were launched during the next two years, some of 
them several times. Three different types of control systems were used, all of 
which worked perfectly. The vertical firings, reaching altitudes of eight miles, 
were followed by tilted trajectories. Radio guide beams were also tried. All 
in all, A-5 was a great success and pointed the way for the more ambitious 
projects ahead. 


V-2 

There is not a shred of truth in any statement that the A-4 or V-2 was 
originally conceived as a weapon with which to devastate London. In actual 
fact, Dornberger found that higher authorities refused to grant necessary 
funds after the failure of A-3 in the summer of 1937 unless there were quite 
definite prospects of a usable military weapon in sight. 

“We cannot hope to stay in business,” said he, “if we continue indefinitely 
to fire experimental rockets. The Ordnance Department wants a field weapon 
which substantially exceeds the range of long-range artillery.”’ 

Computations showed that a rocket of similar configuration to A-3 and 
capable of being transported through railway tunnels could cover a range of 
275 kilometres carrying a warhead of one metric ton. This satisfied the higher 
echelons, and in this manner, the original concept of the V-2 came into being. 

It was decided that the motor of the A-4 would be pump-fed. Various types 
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of pumps, including piston, Humphrey, centrifugal and gear were discussed with 
pump manufacturers. Pump and turbine testing equipment was installed at 
Peenemiinde and a development contract was let for an experimental centri- 
fugal pump for liquid oxygen. In the summer of 1940, a turbo-driven pump 
for the alcohol and oxygen of the A-4 was ready for production. 

The turbine drive was the next problem. The obvious method of producing 
steam was to inject water into an alcohol-oxygen flame within a pressure 
chamber, or to increase the alcohol feed to an extent which would make the 
exhaust consist mainly of alcohol vapour. This, however, would have demanded 
an unduly complicated maze of tubing, valves, governors, ignition devices and 
so on. While the scheme was never wholly abandoned, it was determined to 
drive the turbine with steam generated from hydrogen peroxide and _ per- 
manganate. Experience with peroxide steam generation was available due to 
the Walter Company in Kiel having experimented with it for a naval submarine 
drive project. The first peroxide steam generator was ready for installation in 
an A-4 in 1941. 

The rocket motor proper was a more difficult problem. In 1937, Dr. Walter 
Thiel had taken over my old establishments at Kummersdorf tostudy and perfect 
rocket motors. Thiel was a combustion engineer who had done much research 
and had specialized in injection methods for rocket motors. He reduced the 
required size of rocket motors to an almost unbelievable extent, at the same 
time increasing their combustion efficiency to better than 95 per cent. At 
Kummersdorf, however, the cramped quarters had not permitted his working 
on motors of more than 8,000 Ib. thrust. 

Thiel’s investigations showed that it required hundreds of test runs to tune 
a rocket motor to maximum performance and the problem of so doing with the 
A-4’s 25-ton motor were frightening. Hence it was decided to discharge a 
number of small, well proven injection units into a single, large combustion 
chamber. The first test with the ‘18-cup motor’ was an agreeable surprise, 
in that it showed higher efficiency than a single injection unit discharging into 
a small motor. 

Thus the 18-cup motor was never abandoned despite its cumbrousness and 
complications. Not until shortly before the end of the war was this motor’s 
performance duplicated by a simpler design. 


Aerodynamic and Control Problems 

At Kummersdorf, we were greatly handicapped by the lack of a supersonic 
wind-tunnel. Tosecure data on the A-3, I had been obliged to seek the assistance 
of Dr. Rudol Hermann, assistant to the aerodynamics chair at the (Technical) 
University of Aachen. All he had available was a tiny 10 by 10 centimetre 
supersonic tunnel in which he was able to make some measurements on an even 
tinier model of the A-3. Many discussions had taken place with Dr. Hermann 
as to what was required to place supersonic aerodynamics on an adequate basis 
for our ambitious rocket projects. With ample funds available, Dr. Hermann 
was called to Peenemiinde. Here he supervized the building of an elaborately 
equipped tunnel having a cross section 16 times larger than his pilot tunnel at 
Aachen and capable of velocities up to five times those of the speed of sound. 
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With the corps of able assistants he gathered around him, he solved all the 
intricate aerodynamic problems of the A-5, the A-4, the A-9 and the 
“Wasserfall” in this tunnel. 

Guidance and control of A-4 posed many questions. The systems used in 
A-3 and A-5 had been supplied by industrial firms who designed and tested them 
after specifications had been worked out in collaboration with the writer. The 
German military procurement adhered to the principle that government agencies 
shall specify their needs while private industry shall design and build, despite 
the socialistic trends of the National Socialist regime. The specifications, 
however, became more and more exacting and the supplying companies began 
asking questions to which we could give no satisfactory answers. 

“What stability range is required for the controls of the A-4?" ‘‘What 
angular velocity of the jet rudders is needed to maintain a well-damped flight 
path on the guide beam?’ “What is the optimum tilt-programme for the 
trajectory ?’’ To answer such questions, a full-fledged flight mechanics com- 
putation office was established under the extremely competent Dr. Hermann 
Steuding. Soon the initiative in guidance development was exercised by 
Steuding and his associates. 

Analogue computers and electronic simulators were required for Dr. 
Steuding’s problems. One of his friends, Dr. Ernst Steinhoff was therefore 
employed to establish an electronics laboratory. 

Dr. Steinhoff had been a champion soaring pilot and was a man always to 
seek the ultimate. Within a year, he was directing a million-mark electronics 
laboratory at Peenemiinde, where he developed his own guidance and control 
equipment, depending upon general industry only for components such as 
gyros, inverters and servomotors. 


“Wisdom Day” 

The outbreak of war in the autumn of 1939 brought no acceleration of work 
at Peenemiinde. The authorities did not believe that anything of immediate 
military value would be produced in time to be useful. Some of the most 
experienced men were even called to the Colours and the remainder were held 
under tight administrative control. Rocket development was in the doldrums 
until the intervention of Field Marshal von Brauchitsch, then Supreme Com- 
mander of the Army. He was one of the few who believed Dornberger’s prog- 
nostications of success and he assigned to Peenemiinde some 3,500 officers and 
men. Nominally to be trained, they were actually used to expedite the 
development. 

Supplementing this addition to our labour force, we held what we called 
“wisdom day” by inviting 36 professors of engineering, physics, and chemistry 
to Peenemiinde with the object of enlisting their interest and co-operation. 

Since the universities were also suffering from conscription the professors 
were all the more eager to participate in a novel scientific effort which might 
also place academics in better rapport to the government. Very willingly, each 
returned to his institute or university with one or more of our problems in his 
brief-case: the problems being selected in accordance with the facilities avail- 
able to each man. Those farmed out in this manner included integrating 


ee 





ee 





139 


REMINISCENCES OF GERMAN ROCKETRY 


accelerometers, improvement of pump impellers, trajectory tracking by 
Doppler radio, gyroscope bearings, research on wave propagation, antenna 
patterns, new measuring methods for our supersonic wind-tunnel, computing 
machines for flight mechanics and many others. 

Co-operation with these professors was extremely agreeable as well as con- 
structive; likewise extremely democratic. There was much discussion and 
many symposia and visits. Contracts for scientific work were eventually drawn 
in very broad terms in order that the Institutions be allowed a wide latitude of 
approach. Their members were also thoroughly familiarized with all practical 
aspects. This stimulated many creative contributions. When some prototype 
device was working properly, direct contact was established between originator 
and producer. Peenemiinde, of course, tested the devices for accuracy and 
ruggedness and also test-fired them. 

The arrangement with the professors withstood a later attempt of the Nazis 
to “‘organize”’ all research in Germany. When loud-mouthed and heavy-handed 
party men presented lists and forms to be filled in by the universities, those 
co-operating with Peenemiinde would politely decline to co-operate, pointing 
out that they were fully occupied with our work. 


Stratospheric Success 

The first attempt to launch an A-4 took place in the spring of 1942. The 
motor ignited with a terrifying roar and the missile rose majestically for about 
one second until the fuel-feed malfunctioned and allowed it to settle back upon 
the fins. These lacked the stiffness to withstand the shock and the missile 
toppled over to disintegrate in a great explosion. 

Four weeks later, the second A-4 promised to meet the most optimistic 
expectations. It passed through the dreaded sonic barrier without incident, 
to the great relief of the engineering staff, for many an aerodynamicist had 
predicted that the missile would be torn to pieces by ‘“‘transonic phenomena.” 
Little was known about the latter at that time. 

The A-4 was still in sight at the 45th flight-second and behaving as antici- 
pated. Suddenly it began to oscillate; a cloud of white steam emerged and it 
then broke apart in mid-air. The strength of hull was insufficient in the region 
of the instrument compartment and was reinforced for the firing of the third A-4 
on October 3, 1942. 

On this occasion, A-4 performed as expected. Power cut-off took place at 
the 63rd flight-second with the missile in full sight. It then disappeared from 
view, but Doppler tracking indicated that the on-missile transmitter remained 
in operation for more than five minutes. Doppler tracking also indicated the 
point of impact in the Baltic and aeroplane investigation of the spot revealed 
a wide green stain left by the same dye which had caused so much trouble with 
the A-3. The third A-4 had reached a maximum ordinate of 85 kilometers and 
a range of 190. While less than the ultimate 275 of which the missile was thought 
capable, it aroused great pride and satisfaction among our rocketeers. 

Dornberger in particular showed great emotion. During the subsequent 
discussion he exclaimed: 

“Do you realize what we accomplished to-day? To-day the spaceship was. 
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born! But I warn you that our headaches are by no means over—they are just 
beginning ! 


The Speed-up 

The truth of Dornberger’s warning became evident immediately. Hitherto, 
few Nazi officials had shared Dornberger’s faith in rocketry. Hitler himself had 
gone so far as to predict failure as revealed to him in one of his “‘infallible’’ 
dreams. His courtiers, of course, had followed his lead and most of the hierarchy 
had begun to regard rocketeers as heretical. 

The success of the third A-4 changed all this in the twinkling of an eye. 
Hitler conveniently forgot his dreams and became an enthusiast of rocketry, 
followed by his sycophants who invaded Peenemiinde with loud demands for 
immediate quantity production of A-4’s. Even the soberer minds at Hitler’s 
headquarters turned to rockets in the light of the Luftwaffe’s loss of the Battle 
of Britain. 

As a result a special A-4 committee was set up directly under the Ministry 
of Armaments and War Production, under the chairmanship of ‘‘Locomotive 
Czar’’ Gerhard Degenkolb. The committee immediately began issuing high- 
handed directives and setting up a mighty production organization. Mainly 
composed of men of little scientific judgment although of vast energy, this 
committee was a thorn in the side to Peenemiinde. 

Despite such handicaps and hurry, the A-4 gradually improved in reliability, 
range and accuracy and reached a state of readiness for production in quantity. 
A large factory for certain vital components and for assembly was built south 
of Peenemiinde and Dornberger commenced training the officers and enlisted 
men who were to fire the A-4 in battle. Simultaneously three additional 
assembly plants were created near Vienna, Berlin and in the famed Zeppelin 
hangars at Friedrichshafen. 


Attack on Peenemiinde 

When preparation for mass production of A-4 had reached the state above 
described, the Royal Air Force raided Peenemiinde with some 600 four-engined 
bombers escorted by 45 scouts and night-fighters. On August 17, 1943, bombs 
rained down on the relatively small area for three solid hours. When the smoke 
had cleared away and the fires were extinguished there were about 800 casualties 
of which 50 per cent. were Russian prisoners of war who had been engaged in 
road work. Among the other victims were many engineers and craftsmen and 
their families, but the only key-man lost was Dr. Walter Thiel, then in charge 
of the A-4 power plant. The model shops were badly damaged and the housing 
area was devastated. Not one of the eleven complicated test stands was hurt, 
nor were Herman’’s wind-tunnel and Steinhoff’s guidance and control laboratory. 


A Move Underground 

The news of the Peenemiinde raid caused Hitler to order the whole rocket 
production underground. He appointed Henrich Himmler’s construction 
superintendent, SS General Kammler to carry out the order. Kammler’s main 
qualification for this assignment was that he directed several concentration 
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camps from which he could draw vast quantities of cheap labour. By relentlessly 
driving the unfortunate prisoners, he converted a disused oil depot south of the 
Harz Mountains into Germany’s largest subterranean factory, the so-called 
Mittelwerk. By the Spring of 1944, it was producing A-4’s at the rate of 300 
a month, later to be increased to 900. Most of the initial output were used in 
Dornberger’s training programme: the rest were assigned to Peenemiinde for 
testing improvements in control equipment and analogous work. 


Concrete Pens versus Mobile Batteries 

One of the most heated arguments with respect to the A-4 concerned its 
operation in the field. We dyed-in-the-wool rocketeers felt that it could not 
be fired successfully in combat unless from elaborate concrete installations 
containing many repair and testing facilities. This view was energetically 
opposed by General Dornberger on the grounds that such installations would be 
bombed out of existence before they could go to into operation. Dornberger 
felt that it was wiser to set up A-4 operations in the form of mobile batteries 
worked by trained military personnel. 

Against the almost unanimous objections of we technicians, he persisted in 
this course and was surprisingly successful. The rockets would be trucked on 
specially designed chassis to sites which were frequently located among dense 
forests. Here the rocket would be erected upon its fins, fuelled by special tank 
trucks and fired from a remote armoured car designed for the purpose. Dorn- 
berger’s prediction that greater operational success would be achieved by 
personnel which had been carefully trained but which was relatively unfamiliar 
with the more abstruse aspects of rocketry was fully borne out. 


Rocket Aircraft 

In earlier days Valier and Oberth had differed as to the best approach to a 
spaceship, the former arguing a rocket-driven aeroplane, while the latter 
recommended the high-altitude or long-range wingless rocket. 

Alongside the Army-sponsored A-4 project Peenemiinde also worked on 
rocket propulsion for the Luftwaffe. In this manner we were able to follow 
both of these advocated avenues. 

The success of the first rocket-powered Heinkel 112 piloted by Erich Warsitz 
in 1937 stimulated a development contract for an all-rocket fighter to be 
designated Heinkel 176. It was to be a very small craft with a pressurized, 
detachable and parachutable cockpit. The wings were liquid-tight so as to 
serve as alcohol tanks and there were other novel features as of that period 
of aircraft development. 

Warsitz made several successful take-offs and landings with this craft during 
the summer of 1939, but some of the armchair pilots at the Air Ministry decided 
that it would take too long to make a usable military aircraft of it and ordered 
discontinuation of the project. Towards the end of the war rocket-powered 
interceptors achieved respectability with Lippisch’s famed tailless Messerschmitt 
163. 

Between 1940 and 1942, Peenemiinde mainly served the Luftwaffe with jet- 
assisted take-off units, one of which went into quantity production. 
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In the winter of 1942/3 when the bulk of basic development work on the A-4 
was done, ground-to-air missiles came into prominence in the experimental 
field. A radar-controlled, supersonic rocket of this type named Wasserfall was 
developed under my old associate, Ludwig Roth, assisted by engineers detailed 
from the Luftwaffe. 

Wasserfall made 44 flights of which the majority were successful. As the 
war ended, it could be manoeuvred from the ground by means of a joy-stick 
and a fully automatic hook-up toa radar tracking screen was partially completed. 

It may well be claimed that Wasserfall was the first true supersonic guided 
missile. While it was not sufficiently advanced to stem the torrent of allied 
bombers over Germany, the writer is fully convinced that missiles of this kind 
will play a vital part during the age of transonic bombers and atom bombs. 


Politics and Rocketry 

As the A-4 waxed in military importance, so did its influence extend into 
National Socialistic party politics. The writer successfully eluded being drawn 
into any political web until the end cf 1943. The Army wisely and effectively 
prevented political interference at Peenemiinde by pleading the need for 
secrecy. 

At this time SS General Kammler began to conceive that he was a rocketeer 
because he had used the inmates of his concentration camps to excavate the 
underground “‘Mittelwerk.’’ Kammler opened an offensive against Leo Zanssen, 
the general commanding at Peenemiinde. Zanssen, a devout Roman Catholic 
and a professional officer of the old school, had hitherto blocked all efforts of 
the Nazi party to gain influence on the operations at Peenemiinde. The 
Gestapo now informed Dornberger, Zanssen’s superior, that they had a record 
on the latter clearly indicating that he was a poor security risk. This was 
accompanied by an order for Zanssen’s replacement. Dornberger cleverly 
complied with the letter of this order by appointing Zanssen as his deputy in 
charge of the A-4 programme in Berlin, while Dornberger took over the top 
command at Peenemiinde; thus putting himself in the position of reporting 
to his own deputy! Kammler feared to cast aspersions on Dornberger, for 
without the latter’s co-operation, it was impossible for him to achieve his ends. 

As the second target of Kammler’s attempted penetration, the writer, who 
since the Spring of 1937 had been the technical director of the Army establish- 
ments at Peenemiinde, received a telephone call to report to the H.Q. of 
Heinrich Himmler in East Prussia. This was in February, 1944. There was 
considerable trepidation in my manner of entering his office. It must be said 
here that he was really as mild-mannered a villain as ever cut a throat, for he 
was quite polite and rather resembled a country school-teacher. The conversation 
opened as follows :— 

“IT hope you realize that your A-4 rocket has ceased to be a toy,” said 
Himmler, “‘and that the whole German people eagerly await the mystery 
weapon. ... As for you, I can imagine that you’ve been immensely handi- 
capped by Army red tape. Why not join my staff? Surely you know that no 
one has such ready access to the Fiihrer, and I promise you vastly more 
effective support than can those hide-bound generals. . . .”’ 
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“Herr Reichsfihrer,’’ I answered, “I couldn’t ask for a better chief than 
General Dornberger. Such delays as we're still experiencing are due to technical 
troubles and not to red tape. You know, the A-4 is rather like a little flower. 
In order to flourish, it needs sunshine, a well proportioned quantity of fertilizer 
and a gentle gardener. What I fear you're planning is a big jet of liquid manure ! 
You know, that might kill our little flower !”" 

Himmler smiled a bit sardonically at this simile and changed the subject. 
Some few minutes later, he dismissed me with what I felt was entirely feigned 
politeness. I returned to Peenemiinde and my work, to have Himmler impinge 
upon me in his own inimitable and hitherto generally most effective style. At 
2 o'clock one morning, I was awakened by three Gestapo men who hauled me 
off to their jail in Stettin, where I languished for two solid weeks without the 
slightest information from the authorities as to why I had been arrested. 
Finally a court of SS officers charged me with statements to the effect that the 
A-4 was not intended as a weapon of war, that I had space-travel in mind when 
it was developed, and that I regretted its imminent operational use! That sort 
of attitude was rather common at Peenemiinde, so I felt relatively safe, were 
that the only accusation with which they could confront me. But they went 
further and maintained that I kept an aeroplane in readiness to fly to England 
with important rocket data! This would be difficult to disprove, for I was in 
the habit of using a small, government-owned transport which I piloted myself 
on business trips throughout Germany. How could I prove that I had no 
traitorous intentions ? 

As this mock trial was in progress, Dornberger stepped into the room and 
presented the Presiding Officer with an official-looking document. No sooner 
was it read than my immediate release was ordered and I departed with Dorn- 
berger. What he had done was to report directly to Hitler's headquarters that, 
if one von Braun was not immediately set at liberty, there would be no A-4! 

General Kammler’s nefarious designs on Peenemiinde languished until after 
July 20, 1944, when a group of Army Officers made an abortive attempt on 
Hitler’s life, thus advancing the fortunes of the.SS. By that time, A-4 was 
close to military operation. Kammler reduced Dornberger to supervision over 
equipping and training treops so that he lost control of the military units his 
skill had organized. 


Final Technical Troubles: Air-bursts 

Early in the summer of 1944 a large-scale operational test of the A-4 was 
begun with the object of determining the statistical accuracy and the destructive 
effect with warhead. It was carried out in a desolate area of Southern Poland, 
where observation posts, sound installations and tracking bases had been 
erected. Shortly after the batteries had started to fire an average of some 
10 missiles a day, it was reported that some 60 per cent. of the rockets were 
breaking up in the air about two miles before impact ! 

I immediately left Peenemiinde with a crew of evaluators and, at Dorn- 
berger’s suggestion, established headquarters at the exact bullseye of the target 
area. It was his reasoning that this would certainly be the safest spot. . . - 
Nonetheless, it chanced that one day I was standing in an open field looking at 
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a time indicator at the top of a tower which announced that a fired rocket was 
just about to arrive! What was my horror when I glanced up in the direction 
from which it was expected, to see a thin contrail stooping at me! There was 
barely time to fall flat on the ground before I was hurled high into the air by 
a thunderous explosion, to land unhurt in a neighbouring ditch. The impact 
had taken place a scant 300 ft. away and it was a miracle that the exploding 
warhead did not grind me to powder. 

A series of observations and examinations, not all as critical, revealed that 
the A-4 occasionally disintegrated in the air by reason of aeroelastic flutter 
in the forward part of the centre section. Proper reinforcement took care of 
this defect. 


Did We Hit the Wrong Planet ? 

The A-4’s subsequent career is no mystery. It was put into action against 
London on September 7, 1944, without any announcement to the German 
public. When this was finally done, the A-4 was dubbed V-2 or ‘‘Retaliation 
Weapon 2” by Dr. Goebells’ propaganda writers. 

The personal feeling among our rocketeers was, of course, not unaffected by 
the loss of life in the great Peenemiinde air-raid; nonetheless there was much 
regret among us that our A-4, conceived as it was, as a first step to interplanetary 
rocketry had joined in the bloody business of war. 

An unbiased visitor to the planning group at Peenemiinde would have 
heard little, if anything discussed which related to other matters than reaching 
out into space. 

During the winter of 1944/45 two A-9 rockets were test-launched. While 
the first was unsuccessful, the second A-9 (an A-4 with supersonic wings and 
enlarged aerodynamic control surfaces) was probably the first winged guided 
missile to penetrate the sonic barrier. The control system worked satisfactorily 
from take-off up to the speed of Mach number 4. 

For the war-conscious officials, the object of the A-9 was explained as an 
extension of the range of the A-4 to almost double. Calculations and computa- 
tions as well as wind-tunnel data indicated that this might be done by utilizing 
the tremendous kinetic energy available after cut-off for an extended aero- 
dynamic glide. The wingless A-4 utilized this energy for destruction at impact. 
In point of fact, A-9 extended range only at the cost of velocity and approached 
impact at subsonic speed, thus sacrificing the proverbial non-interceptibility 
characteristic of A-4. Thus its tactical value was in grave doubt. 

Our project drawings for A-9 showed a pressurized cockpit in place of the 
war-head, as also a tricycle landing gear! As restricted as we kept these 
drawings from the Ordnance visitors, we computed that the A-9 was capable 
of carrying a pilot a distance of 400 miles in 17 minutes. It might have taken 
off vertically, like an A-4 and then landed, glider-fashion, on a medium-sized 
strip! 

In the light of the national emergency which dictated priorities in Germany, 


such ideas had to be subordinated to the design of A-9 as a longer range missile. 


We even designated it A-4b to give it the benefits of A-4’s high priority. 
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If the A-9 were to be mounted as second stage atop a powerful booster 
rocket it would become a supersonic rocket plane capable of crossing the 
Atlantic, and this was the basic thought behind Peenemiinde’s much discussed 
A-9/A-Al10 project. This was still on the drawing-board when the end of the 
war came. 

The A-10 concept was actually a very early one, and with it in view, in 
1936, the Peenemiinde test stands for static test work were designed to handle 
thrusts up to 200 tons—some eight times A-4’s 25 tons. 

Beyond the A-10 we had not dared to go except in imagination, although 
there was in our minds another, still larger booster, possibly to be designated 
A-11. This would have comprized a three-stage spaceship. With slightly 
improved mass ratio and better propellants, this combination might easily have 
projected the pilot of an A-9 into a permanent satellite orbit around the Earth ! 
His return would have been contingent upon the A-9’s producing a very short 
power impulse to throw it into an elliptical path intercepting the Earth’s 
atmosphere after one half a circumnavigation. In a long supersonic glide, the 
pilot would reduce his speed below that of sound, then he would lower his flaps 
and wheels and make a conventional aircraft landing. 

It is but a step from this concept to that of a permanent satellite station in 
space. Convert the A-10 into a winged upper stage and the A-11 into the second 
stage of a three-stage ship, then add a truly gigantic booster (perhaps called 
A-12). A-12 would have a thrust of not less than 12,800 tons. I could bring 
the winged A-10 to satellite velocity, but this time not with a lone pilot, but 
rather with a pay-load of some 30 tons! This would permit the hauling of 
crews and substantial amounts of material into space. A number of such ships, 
maintaining a regular shuttle service to the orbit, would permit the building of 
a space-station there. 

Experience with ships and aircraft indicates that large dimensions alone are 
seldom serious deterrents for a determined designer. 

Twenty years ago, Hermann Oberth wrote in his Wege zur Raumschiffahrt 
of the value of such a space-station. He indicated its military as well as its 
civil virtues, particularly its utility as a base for expeditions which should 
venture further afield in space. 

One of his proposals was to build a huge mirror floating in the satellite orbit, 
which might be used for changing terrestrial climates and burning up cities. 
For reasons unknown this space-mirror was portrayed as the ultimate goal of 
Peenemiinde. Shortly after the war, artist’s conceptions of engineers in the 
act of ruling the globe by its threat appeared in the public prints. We have a 
case here of artistic and scriptorial imagination racing far ahead. 

At Peenemiinde the logical train of thought went on and on with the space- 
station as the ultimate goal during our life-times: the first human foothold in 
outer space. Dornberger used to say that he'd lie uneasy in any grave save a 
glass coffin circling in a satellite orbit. .. . 

We who gave life to Peenemiinde deplore as much as anyone that develop- 
ments like aviation, atomic energy or rockets are applied to destructive purposes 
rather than for human welfare. It was the space-station we sought and we still 
seek it, wherever we may be. We desire to open the planetary world to mankind. 
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COMBUSTION CHAMBERS FOR 
ROCKET ENGINES 


By Pror. A. D. BAXTER, M.Eng., M.I.Mech.E., F.R.Ae.S., 
F.Inst.Pet.* 


Exactly five years ago the author gave a paper to this Society on combustion 
in the rocket motor! and discussed in it the life history of liquid propellant 
droplets during their residence in the combustion chamber. The conclusions 
of that paper were that the processes occurring within the chamber defied any 
comprehensive analysis and that as long as that condition continued, successful 
combustion chamber design would depend upon experience, empiricism, and 
hard trial and error. 

Although much research has gone on since that time and our knowledge 
of the fundamental processes is increasing, the conclusion reached then is still 
generally true. It may, therefore, be of some interest to examine the problems 
of combustion, not from the aspect of the propellant droplet, but from that of 
the chamber, the home in which it spends its brief and fiery life. 

The requirements demanded of the combustion chamber are that it should 
convert the chemical energy locked up in the propellants into kinetic energy 
which will supply useful thrust. This must be done with a high degree of 
efficiency, with the least possible weight and the greatest possible reliability. 
The importance of these is obvious and some figures to illustrate their effects 
on the range or altitude which can be achieved will be given. The main part 
of the paper, however, will be devoted to the mechanical engineering difficulties 
and limitations imposed by these requirements. 


Basic Performance 

Before discussing combustion chamber details, it is desirable to consider 
what goes on inside the chamber. Propellants are introduced in liquid form, 
they are vaporized and mixed, ignition occurs and combustion follows with the 
generation of high-pressure, high-temperature gases. This phase is of vital 
importance and is the source of both the exceptional performance and excep- 
tional problems of the rocket engine. It is followed by the final phase, conversion 
of the potential energy into the kinetic energy of the high-speed exhaust jet. 

The range of a rocket vehicle depends upon its mass ratio and its exhaust 
gas velocity.*. Both should be as large as possible. The former depends upon 
good design and is helped by a reduction in engine weight and consequently, by 
a reduction in combustion chamber weight. The latter is dependent upon 
several factors which are included in the well-known formula® 


-= JF -G)* 
u%. = 2¢ et Bik Tey Bk Y 
e177 —1 M P, 





where v, = exhaust gas velocity 
P, = gas pressure at nozzle exit 
Po= » ,, in combustion chamber 


* Head of Department of Aircraft Propulsion, College of Aeronautics, Cranfield. 
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Fic. 1. Early combustion chamber shapes. 








T,= ,, temperature in combustion chamber 
M = ,, mean molecular weight 
Y = » », Specific heat ratio 
K = universal gas constant 
7 = efficiency factor. 
In this expression, the main variables are Td and > and, in general, v, is increased 
- e 


as T, and P, are raised. Hence, the major problems in combustion chamber 
design are to provide for the highest possible temperatures compatible with the 
strength required to resist the highest pressures compatible with low weight. In 
addition, the factor 7 must be maintained high. It depends upon combustion 
efficiency, nozzle efficiency, cooling efficiency, and so on and any design changes 
must not affect these adversely. 


Combustion Chamber Design 

Some early shapes of chamber are shown in Fig. 1, and it will be seen that 
these range from long cylindrical tubes to short spherical chambers. All 
chambers still lie between these extremes, but their dimensions are influenced 
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Fic. 2. Change in combustion chamber characteristic length with time 

by the combustion volume required. This should be adequate for completion 
of all the processes already mentioned. These are usually speeded up by higher 
chamber pressures and temperatures and the volume can then be reduced, but 
too small a volume may lead to unstable and incomplete burning. Too large a 
volume, on the other hand, may involve unnecessary friction losses and almost 
certainly will expose additional wall surface to the gases, so increasing the 
cooling problem. 

Characteristic Length L* 


The first criterion on which the designer decides what volume he should 
allow is usually the characteristic length L*, given by the formula 


I* os Ve 
A t 
where V,. = combustion chamber volume 


A, = nozzle throat cross-section area. 


It is a useful guide for similar chamber designs using the same propellants, 
mixture ratios and pressures, but it is entirely empirical and sooner or later will 
need to be replaced. This is indicated in Fig. 2, which shows the decreasing 
trend in L* values with time. Such improvements are probably partly due to 
improvements in burner-head design, but also may be associated with larger 
thrust motors. 

It is interesting to consider the results of scaling up combustion chambers to 
produce larger thrusts. For example, if a chamber has the dimensions shown 


= L aie 
in Fig. 3 (a) and it is scaled so that D. and L* remain the same, it will be found 
c 
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that the throat diameter D, increases more rapidly than the chamber diameter 
D, and ultimately will be equal to it. In this case the chamber has become the 
so-called ‘‘throatless’’ or tubular chamber with its length equal to L* (Fig. 30). 
If the original chamber diameter was twice the throat diameter, it would become 
equal for a chamber giving sixty-four times the thrust and having four times the 
original length. This is obviously a very distorted arrangement compared with 
original design, although the normal parameters have remained constant. 

Consider now the effect of scaling so that the gas flow velocity in the chamber 
remains constant. This will produce a chamber in which chamber diameter to 
throat diameter remains constant for all thrusts and chamber length remains 
constant (Fig. 3c). This seems a more logical procedure for it allows propor- 
tionately the same burner head area as in the small chamber, whereas the other 
design seriously reduces the space available. In fact, the chamber may be 
considered as a number of the original small chambers combined in parallel 
into one large one. Thus, if combustion can be completed in a length L, in the 
small chamber, it should equally be possible in the large chamber. 

In the extremes of chamber shown in Fig. 3, L* is the same and consequently 
the nominal “‘time of stay” of the propellants in the chambers is the same. The 
ideal time would be 2$ to 3} millisecs.,5 but real times are much longer and may 
affect the combustion efficiency and the value of L*. required. This is because 
real time is influenced by droplet size and rate of evaporation, rate of mixing, 
and reaction rate. Under the prevailing pressure and temperature conditions 
the last factor, which is fixed by chemical kinetics, should be so high that it is 
of no importance in deciding the time, and the performance is determined by 
the mechanical processes. Assuming that droplet size and evaporation rate are 
the same in different chambers, the factor remaining is vapour mixing rate. 
This is then, probably the most important step in the combustion process and 
improved mixing could save combustion time and hence combustion chamber 
volume. Mixing is carried out by diffusion and turbulence, but the latter is the 
important process in fixing the mixing rate. Turbulence is probably increased 
in smaller diameter chambers where the average gas velocity is higher and so it 
might be expected that a reduction in L* would be possible without reducing 
combustion efficiency. The possible state of affairs is shown in Fig. 4, where 
curve | is typical of the effect of L* upon combustion efficiency 7, for a normal 


D D 
chamber with D. equal to two or more. Curve 2 is for a value of D. between one 
t t 


and two, and curve 3 for a equal to one. It will be observed that the last has 
t 
a lower maximum efficiency at a much lower value of L* than the first, but this 
efficiency is higher than would be obtained from the first chamber at the low 
value of L*. The lower maximum is explained in part by the friction and 
pressure losses which occur in a long throatless chamber—the higher value at 
low L* by the better turbulent mixing. Between the two extremes, it is possible 
that the efficiency curves may have higher maxima as in curve 2 and there may 


; D he 
be an optimum L* associated with an optimum D,. Much of the foregoing is 
t 
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Fic. 3. Scale effects in combustion chambers. 
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Fig. 4. Variation of combustion efficiency with chamber dimensions. 
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surmize, but it is interesting to note that where chambers have been operated 
with an oxidant introduced in gaseous form, the optimum efficiency has occurred 
at L* values much lower than when introduced as a liquid. This is presumably 
because mixing with the vaporizing fuel droplets is easier. In addition it may 
be mentioned that throatless chambers have been run with efficiency peaking 
at an L* of 12 in. 


Burner Head 

Combustion chamber stay time depends, as already stated, on droplet size 
and mixing rate. The former is settled by the injector design and operating 
conditions and the latter is greatly assisted by good propellant distribution, 
which is dependent upon the burner head design. This is the integration of the 
individual oxidant and fuel injectors to give the complete injector system. As 
with chamber space, there are still many ideas on burner heads and much room 
for improvement. 

The burner head should be made small and then the combustion chamber 
diameter necessary to contain it may be small. It is not easy, however, to get 
small heads when due allowance is made for locating the large number of 
injectors and their propellant feeds which are usually needed in any practical 
size of motor to give good atomization and mixing. As an example, an orifice 
of 0-080 in. diameter would, with an injection pressure differential of 100 Ib. / 
sq. in., produce kerosine droplets of a mean diameter of 140 microns 
(0-0056 in.). While droplets of this size might be tolerated, the flow rate would 
be less than 0-25 Ib./sec., which would be sufficient fuel for a motor of 150 lb. 
thrust, but appropriate oxidant injectors would be necessary in addition. 
For a higher thrust motor this means a very large total of injectors. The 
number could be reduced by using larger orifices and providing coarser atomiza- 
tion or by increasing pressure and obtaining better atomization. Neither is 
very acceptable, the former because of the longer burning time of the droplets 
and the latter because of the larger pressure differential in the chamber cooling 
jacket. The effect of these variables is shown comparatively in Fig. 5, although 
actual values may vary from those given, which are based on work done for 
gas turbine swirl injectors.* Little seems to be known about the best forms of 
injector or the actual droplet sizes in the rocket. Such work as has been done 
suggests that swirl jets are the best and impinging jets or shower head types less 
effective. Whether these results are due to atomization or mixing has not been 
decided, but it is quite clear from Fig. 5 that reducing the droplet size to half 
should greatly accelerate the burning time and so permit a reduction in chamber 
volume or L*. 

Another aspect of droplet size which may be important is the increase in 
cross section of the chamber required to provide space for them. An area of 
approximately one hundred times the injection orifice area is usually needed to 
avoid droplets interfering with each other, but if small diameter chambers are 
used, this area must be reduced and there is a risk of combustion efficiency 
falling because the droplets are carried through the chamber more rapidly and 
will tend to coagulate into large slow-burning drops. 
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Chamber Pressure 

It has been indicated that an increase in combustion chamber pressure P, 
will give a higher jet velocity and so improve the rocket performance, but the 
effects of this on design must be considered. For constant thrust, the volume 
of gas produced in a chamber will vary inversely as the pressure so that, if the 
gas velocities remain unchanged, the cross section area will be inversely propor- 
tional to pressure. Thus, doubling the operating pressure will halve the chamber 
cross section area and bring the diameter down to 70 per cent. of its original 
value. It will have no effect on the size of burner head required as the propellant 
flow is hardly altered. If the chamber area falls below that required by the 
burner head, the latter must conform as noted above and there may then be a 
fall in combustion efficiency which will tend to balance the gain in performance. 

A second effect of increasing chamber pressure is to reduce the surface area 
exposed to combustion gases and also the weight of the chamber. The former is 
important in reducing the chamber cooling necessary, but this is offset by an 
increase in wall thickness in proportion to the reduction in diameter. This 
might also suggest that the chamber weight should remain constant, but in 
practice it is found to fall with increasing pressure as shown in Fig. 6, mainly 
due to reduction in burner head weight. In future improved designs and in 
larger thrust chambers this effect may not be so apparent. 

On the other hand, if chamber pressure remains constant while thrust 
increases, the diameter and wall thickness will both increase as the square root 
of the thrust and it would be expected that weight would increase in direct ratio 
with the thrust. Again the practical values are slightly less than proportional. 

Further important effects of increased pressure are to reduce the dissociation 
of the combustion gases and to increase their temperature slightly, and to affect 
the size and weight of expansion nozzles. 


Expansion Nozzle 

Considerable argument has centred round the optimum design proportions 
of this component, the problem being to decide how much efficiency should be 
sacrified in saving weight or the converse. 

The conventional nozzle is designed as a straight-sided truncated cone for 
simplicity in construction and the throat and exit areas are such that correct 
expansion will be obtained for a given combustion pressure at a fixed ambient 
pressure or altitude. When the pressures depart from the designed ratio, there 
will be a drop in thrust which may be more or less serious. This is indicated 
on Fig. 7. If the conditions are such that the exhaust pressure P, is less than 
the ambient pressure P,, recompression occurs in the jet and if P, is less than 
about 0-4 P,, break away will occur in the nozzle. On the other hand, if P, is 
greater than P,, this produces a positive thrust and no serious difficulties arise. 
This condition will exist above some altitude for all rockets and although the 
curve suggests a considerable loss in efficiency, this may be regarded more as a 
failure to gain additional performance rather than a loss, as is illustrated by 
Table I, which also shows the advantage gained by increasing the combustion 
chamber pressure. 
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TABLE I 
EXPANSION NOZZLE EFFICIENCY 
| 

Chamber | Per cent. thrust with nozzle designed for: Relative 
pressure, Altitude, -———_________—__, ——_—_—_—_—_—_——1| efficiency, 
Atm. feet Sea level Altitude per cent. 

20 Sea level | 100 100 100-0 

50,000 | 112 122 92-5 

100,000 113-5 137 83-0 

500,000 114 157 72°5 

50 | Sea level | 110 110 100-0 

50,000 | 119 128 93-0 

100,000 | 121 144 84-0 

500,000 | 121-5 160 76 











Although the nozzles designed for a given altitude are better at that and 
greater heights than nozzles designed for lower altitudes, they will fall in 
efficiency at lower altitudes and become worse. Thus a nozzle designed for 
50,000 ft. but operating at sea level would only give approximately 75 per cent. 
of the thrust of a nozzle designed for sea level. In addition, and probably much 
more serious, the size and weight of the first nozzle would be much greater— 
about four times as long and nearly six times as heavy. Fig. 8 shows the 
relative weights of nozzles designed to give specified thrust at the design 
altitude with fixed chamber pressure. Increasing the latter reduces the weight 
and dimensions as for the combustion chamber, but the theoretical gain is not 
wholly achieved in practice when the designed thrust is low. 

An important consideration in the nozzle design is the cone angle to be used. 
A small angle increases the cone length and weight and presents a larger surface 
area for heat transfer and friction loss, while a large cone angle reduces these at 
the expense of increased radial flow loss. These effects are indicated on Fig. 9 
and show that there should be an optimum angle for efficiency probably at a 
half-cone angle of about 10°,’ but the increased loss is not very great in increasing 
the angle to 15° while the weight saving is appreciable. If, however, there is 
any shock at the throat due to sudden change in flow direction or rapid expan- 
sion, a further loss appears and this increases rapidly with cone angle. It results 
in the optimum angle being much smaller and must be guarded against. 

The relative importance of efficiency and weight will depend upon the time 
of operation and can only be decided when this is known. A motor of 25,000 Ib. 
thrust, for example, with a nozzle efficiency improved by 1 per cent. would save 
about 1 Ib./sec. of propellant. If, in achieving this, the nozzle weight were 
increased from, say, 125 lb. to 185 lb., there would be a net gain if the motor 
ran for more than 60 sec. At the same time it must be remembered that the 
ultimate performance of the rocket depends upon its mass ratio as well as 
specific impulse, and this will be referred to later. 


Combustion Chamber temperatures 
As with gas pressure, so with gas temperature high values are desirable to 
achieve a high performance. Equally they introduce difficulties and the 
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Fic. 9. Variation in expansion nozzle losses and relative weight 
with cone angle. 


problems of wall cooling and heat transfer have been discussed in many papers.*®-* 
The main difficulty arises from the fact that the heat flowing into the walls is 
proportional to the difference between the gas temperature and the wall tempera- 
ture and so any increase in gas temperature means an increase in heat flow or a 
rise of wall temperature. Any increase in heat flow must be transmitted through 
the wall to the coolant, assuming the conventional regenerative coolant system 
is used. With such systems, present-day chambers are limited to gas tempera- 
tures below 3,000° C. This is shown in Fig. 10, where the steep rise in maximum 
wall temperature of a standard chamber from about 900° C. at a gas temperature 
of 2,500° C. to a theoretical value of nearly 1,250° C. at a gas temperature of 
3,500° C. is indicated. 

The main parameters restricting temperatures are the thickness of the wall 
and of the gas and coolant boundary layers and their respective thermal 
resistances. If these could be modified, higher temperatures might be possible. 
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Fic. 10. Effect of modifying heat transfer characteristics on combustion 
chamber wall temperature. 

















The object of such modifications should be to restrict the heat flow from the gas 
to the wall and to encourage the flow of any heat which reaches the wall into the 
coolant. The latter is assisted by increasing the liquid film conductance (H) 
which depends upon liquid physical properties such as density (p), viscosity (2), 
specific heat (C,) and thermal conductivity (K) and its flow velocity (v) and the 
dimensions - of the cooling passage. These can be related by the equation 


a) @@ @& Gy: 


It is found that this ratio may vary between different propellants quite appreci- 
ably; for example, the conductance of methyl alcohol is 2-2 times greater than 
kerosine and that of water is more than 5 times greater. Thus, a change of 
coolant may increase conductance and reduce the thermal resistance R,. The 
curves for the two examples mentioned are shown on Fig. 10, and indicate that 
water as a coolant will permit a gas temperature 500° C. higher for the same 
wall temperature. It would appear that if the coolant passage dimensions could 
be reduced and the liquid velocity increased a further increase in gas temperature 
might be permissible, but unfortunately this would involve large pumping 
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power and pressure drop through the jacket. The first would reduce the net 
performance and the second would aggravate the wall stressing problem. 

The second line of attack on heat transfer is by increasing the wall conduc- 
tance. This is a function of wall thickness (¢) and thermal conductivity (K) 


_ Has ~ (Ra) @) 


From this it is clear that wall thickness must be kept as low as is compatible 
with stressing demands. Unfortunately the other parameter (K,,) is usually low 
for the high strength materials such as heat-resisting steels. On the other hand 
aluminium alloys have a conductivity 7 or 8 times as great as steel and copper 
more than 10 times. Although both these have been used for chamber walls, 
their strength is poor and their good conductivity is generally more than can- 
celled by the thickness of the walls required. If, however, a method of construc- 
tion whereby wall thickness could be reduced, was evolved, there would be 
great gains as shown on the curve for R,, = }. 

Finally, heat transfer is reduced by increasing the gas film resistance to flow. 
The same physical properties influence the heat flow through the gas as through 
the liquid, but in this case efforts must be directed to reducing conductance. 
Little can be done to change the gas properties directly, but an attractive way 
of altering them artificially is to introduce a cool gas into the boundary layer. 
In practice, a liquid film would be introduced. The liquid vaporizes and its 
latent heat helps to keep the wall temperature down. The vapour formed then 
acts as a cool boundary layer until it is mixed with the high-temperature turbu- 
lent gas flow. To be effective it should be continually replaced and this could 
be done by the use of porous walls through which a small flow was constantly 
occurring.” Such an arrangement has many problems, but it will almost 
certainly be required in the future. With it the gas film resistance might be 
doubled and it would be possible to increase the gas temperature to more than 
4,000° C. without increasing the wall temperature or the heat to coolant above 
that at 2,500° C. for the standard conditions. Equally, it should be noted that 
to maintain the wall temperature at standard conditions while reducing R, 
to 1/5 would involve the coolant absorbing 30 per cent. more heat or 55 per cent. 
in reducing R,, to 4}. This may not be possible without coolant boiling and it 
could place a limit on such methods of improvement. 








Chamber Size 

All the foregoing considerations have been made without much reference to 
the absolute thrust demanded. In fact some conditions become harder to 
maintain as the thrust goes down and others as it increases. As an example, the 
ratio of wall surface to be cooled to coolant available increases as the thrust is 
reduced, while the ratio of weight to thrust tends to increase as thrust increases. 
This sets an upper limit to practical motor size, but other factors such as wall 
stresses may influence the limit. 

Some dimensions to illustrate the effect of thrust and operating pressure are 
given in Table II. These assume typicai figures for a conventional 5,000 Ib. 
thrust chamber with a constant maximum wall temperature and stress. 
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TABLE II 
EFFECT OF THRUST AND CHAMBER PRESSURE. ON DIMENSIONS 
| Wall Permissible gas 
Thrust, Pressure, Diameter, | thickness, temperature, 
atm. in. | in. | Cc. Condition 
5,000 20 9-0 0-10 2,500 | Standard 
50,000 a 28-5 0-32 1,520 Increased 
thrust 
~ 50 18-0 | 0-50 1,310 | Increased 
pressure 
12.0 0-33 1,500 Reduced 
diameter 
8-5 0-23 1,725 Throatless 
chamber 











It will be seen that in all cases the wall thickness has increased and conse- 
quently the permissible gas temperature has decreased. The latter would 
reduce the performance and increase the propellant flow. It is obvious that to 
obtain large thrust chambers it is necessary to find some way of reducing the 
wall thickness. Various ways have been proposed and some possibilities are 
indicated in Fig. 11. These all amount to relieving the inner hot wall of some 
load by supporting it, either as at Fig. 11 (a), by radial webs between it and the 
outer wall or, as at Fig. 11 (4) by forming the jacket from a small tube coiled 
to conform to the chamber outline. A small diameter tube could withstand the 
coolant pressure with a much reduced wall thickness and it would always have 
a tensile loading. Tubes of 0-03-0-05 in. thickness would be adequate for most 
chambers, and these would allow gas temperatures as high as 3,400° C. to 
over 4,000° C. 

A single-coiled tube would, of course, involve a long coolant flow path and 
a high pressure drop, but these could be reduced by having two or more tubes 
coiled in parallel and altering the helix angle. There are some obvious dis- 
advantages to this design, mainly connected with manufacture. These include 
the winding of the coils near the throat where the chamber cross section is 
changing and the welding of the coils together. Another drawback is the corru- 
gated inner surfaces of the chamber which would lead not only to large friction 
losses, but also serious turbulence and heat transfer effects. This could be 
overcome to some extent by flattening the tubes as in Fig. 11 (c). Alternatively, 
by increasing the number of tubes in parallel, the helix angle and the pitch of 
the coil would be increased until, ultimately, the tubes would lie parallel to the 
chamber axis. This method has been proposed™ and would greatly reduce the 
problems of assembly and friction losses. A further advantage of such a con- 
struction is that it could be used for large chamber diameters without changing 
the tube diameter or wall thickness very much. 

Finally, what thrust level is likely to be produced from a single chamber? 
There is little published information and most of it refers to motors in the 
thrust range of 1,000 lb. to 20,000 lb., but a trend is indicated in Fig. 12. 
Although it is dangerous to draw conclusions from such scanty evidence, it 
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Fic. 13. Effect of changes in motor weight and efficiency on 
rocket performance. 


might be assumed that ultimately engines of 500,000 lb. thrust may be produced. 
This is ten times greater than was suggested by Neat, but continuing progress 
may well overcome the present apparent limitations and justify the use of single 
large units instead of multiple smaller ones. 


Rocket Performance 

The emphasis in this paper has been on improved efficiency and reduced 
weight. Fig. 13 shows the relation between these for a rocket of mass ratio 
about 4 when there is no net change in rocket performance. It will be seen that 
some sacrifice in efficiency is permissible if there is a compensating weight 
reduction and vice versa, but to be worthwhile the change in weight must be 
proportionally more or less than the change in efficiency. Such changes are 
only marginal and involve much refinement of motor design, but should not, 
nevertheless, be neglected. It has been shown, however, that there can be 
substantial gains in both objectives by increasing combustion pressure and 
temperature. 

One way of illustrating this is to compare the performance of a rocket with 
various improvements incorporated in it. Taking the V-2 as an example, this 
had a mass ratio of 3-18, a combustion pressure of 14-5 atm. and a gas tempera- 
ture of 2,500° C. Its time of burning was 65 sec. and if fired vertically it would 
have reached an altitude of 87-5 miles, allowing for atmospheric drag. Its 
velocity and altitude are plotted against time of flight in Fig. 14. If now, the 
combustion chamber is redesigned to give the same sea level thrust when 
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Fic. 14. Effect of combustion pressure on V-2 performance. 


operating at 40 atm. pressure, the propellant consumption will be reduced by 
12 per cent. and the burning time extended to 73 sec. The resulting per- 
formance is also shown in Fig. 14 and it will be noted that the maximum 
altitude is now 113 miles. 

In the same way, the effect of further changes is shown in Fig. 15. Using 
hydrocarbon fuel instead of alcohol would increase the mass ratio to 3-30 and 
with the right mixture ratio would give a gas temperature of 3,500°C. This 
would raise the maximum altitude to 225 miles. If the payload of 1 ton were 
then replaced by propellant, the mass ratio would increase to 4-40 and a height 
of 380 miles would be possible. A further reduction in structure and engine 
weight by 1 ton would produce a mass ratio of 6-6 and an altitude of 740 miles. 
To achieve this would call for new ideas and much advanced engineering both 
in the rocket main structure and in the rocket motor. It does not, however, 
seem entirely beyond the bounds of possibilities and is a target well worth 
aiming at. 


Conclusion 

Within the space available, it has not been possible to consider all aspects of 
the combustion chamber design problem, but it is hoped that sufficient has been 
included to indicate both the existing limitations and some lines on which 
improvement may be achieved. 

Although the practical designer may not feel sanguine about greatly increased 
specific impulse or reduced weight, these are essential if progress in rocket 
propulsion is to continue and it is the author’s view that research and develop- 
ment will provide solutions which will permit single-stage rocket performance 
of the order indicated to be obtained. 
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Fic. 15. Effect of various parameters on V-2 performance. 


OXIDANT Liquid Oxygen 

FUEL Alcohol Kerosine 
COMBUSTION PREsS ATM. 14-5 14-5 40 
COMBUSTION TEMP. °C 2,500 3,500 
Mass Ratio 3-18 3-30 4-40 6-60 


CEILING OF MODIFIED V-2. 
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Satellite Vehicles and the I.G.Y. Programme 

The US. satellite programme (project Vanguard) has been further discussed 
in lectures given by Dr. Richard Porter, of the U.S. General Electric Co., 
and by Dr. J. Van Allen, of the State University of Iowa, and Dr. Martin 
Summerfield, of Princeton University, to meetings of the American Rocket 
Society. 

Dr. Porter made the following points:— 

He estimated the satellite itself would be 20 to 30 in. in diameter, and 
spherical in shape, and that, of the all-up weight of the three-stage rocket 
assembly, about 60 to 70 per cent. would be propellant. The satellite orbit 
(presumably elliptical) will vary between 200 and 800 miles above the Earth’s 
surface. 

Drs. Van Allen and Summerfield stated :— 

(a) They expected that the task of keeping the satellite under observation, 
and recovering the telemetered data from it, would be more difficult than 
getting the satellite into its orbit. 

(b) Balloon-launched satellites, using “‘existing’’ two-stage rockets, as an 
alternative to an untried three-stage rocket launched from the ground, are 
under consideration by Australian authorities as well as by U.S. scientists. 

The satellite orbit will probably be a diagonal flight path, a compromise 
between a polar and an equatorial orbit. The layout of the launching range 
will be a deciding factor on the direction of launch and hence the angle of the 
orbit. The Banana River missile test range at Patrick Air Force Base in 
Florida points almost due south-east, which is an advantage since the satellite 
would benefit by a portion of the Earth’s rotational velocity. (A report in the 
London Times stated that agreement had been reached with the U.S. Govern- 
ment on the extension of the Bahamas missile range to St. Lucia in the 
Windward Islands, giving a total test length of 1,600 miles from Patrick Air 
Force Base: a later extension may be made to St. Helena in the South Atlantic. 
This would obviously be very useful for satellite launching—Ed.) 

(c) The useful life of the satellites before they slow down and enter the 
Earth’s atmosphere and disintegrate will depend on the initial orbital radius. 
Two somewhat different statements were made: Dr. Summerfield said that a 
life of one year might be expected for an initial altitude of 300 miles, and 
15 days and 1 hour respectively at 200 and 100 miles respectively. Dr. Van 
Allen preferred values of ‘“‘several weeks’’ at 136 miles and a week at 100 miles. 

Dr. Summerfield estimated that the final velocity of a three-stage rocket 
required to put the satellite into an orbit 400 miles above the Earth would be 
between 27,100 ft./sec. and 29,500 ft./sec., depending on the technique used: 
this may be compared with “escape velocity’ of 36,700 ft./sec. and the 
24,200 ft./sec. needed for a missile of 7,000 miles range. The higher velocity 
(29,500 ft./sec.) is needed if a direct ballistic ascent path is used, and the 
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lower one will serve if the rocket uses a tangential approach path to the orbit. 
However, this tangential path implies that the rocket would not be at orbit 
altitude until it was about 12,500 miles away from the launch point, or half- 
way round the world, and the control of the final impulse needed to stabilize 
the satellite in the orbit would be very difficult at this range. The alternative 
is ‘‘a modified ballistic ascent’’ in which the vehicle would coast for a while 
between the end of burning of the second stage and ignition of the third stage. 
Table 1 presents the performance data expected from a vehicle with the first 
stage based on an improved Viking 11. 











TABLE 1 
Earth satellite 
Viking 11 —_, —— - —-4 
Ist stage | 2nd stage | 3rd stage 
Specific impulse tones “ a a 186 = 240 z 280 7 ‘260 | 
Gross mass (Ib.) ia a a 15,000 15,000 2,000 | ss 200 | 
Thrust (Ib. wt.) a ~~ na -.| 21,000 38,000 | 8,400 | 730 | 
Burning time (sec.) - “s : j 103 70 50 ; | 50 7 
Structure mane (Ib.) 2 na Pe 2,200 1,800 300 ae 30 | 
Structure mase/gross mass (%) -| 14-6 12 15 | 15 é 
Payload (Ib.) as - - ca 825 | 2,000 | 200 30 a 
Total velocity at end of burning, each om a - < 
stage (ft./sec.) "- ined oof 6,000 7,650 18,850 | 28,850 








Dr. Van Allen listed things which the satellites will detect and determine, 
including cosmic ray energy levels at different latitudes, correlation between 
solar ultra-violet radiation and changes in the ionospheric ““E” and “F’’ layers 
(which affect radio propagation), the existence of radioactive isotopes of 
lithium, beryllium and boron in cosmic radiation or as a result of reaction 
between the cosmic rays and the atmosphere, the composition of the atmosphere 
above 180 miles, and the severity and frequency of meteor fragments at these 
altitudes. There is also interest in a form of “soft’’ X-rays which exists in 
the Aurora Borealis zones. The speaker also pointed out that 200 ground 
receiving radio stations would be needed for continuous contact with the 
satellite, and that his view was that electricity supplies would be provided 
by silicon wafer solar batteries. (Compare statement made on electrical supplies 
in last issue, ].B.J.S.,15, 108. It is believed to be definite that the first satel- 
lites of the total of twelve will be dry-battery powered—Ed.) 

Besides these statements, there is news that the U.S. Navy has awarded 
a contract to the Aerojet-General Corporation of Azusa, California, for con- 
struction of the liquid propellant rocket motor for the second stage of the 
satellite rocket, and that, as discussed by Dr. Summerfield above, the first 
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stage would be a modified and improved Viking rocket, made by the Glenn L. 
Martin Company. 


“Satelloids”—Low-Powered Satellites 

Dr. Krafft A. Ehricke, of the guided missile group of Convair, has suggested 
that a weakly-powered satellite might be placed in a lower orbit than that 
required for an unpowered satellite, and used the word “‘satelloid’’ to describe 
such a vehicle when discussing it at the I.A.F. meeting in Copenhagen. He 
said that the satelloid might be placed in an orbit at 80 miles altitude, for 
a number of days, while a satellite would be able to stay for only a few hours, 
that it could be used as a manned upper atmosphere research vehicle, and that 
it was a significant step in the development of a manned space vehicle. 

A manned satelloid would have its external shape determined by the fact 
that the vehicle would need to be able to return to the Earth’s surface after 
exhaustion of its propellant supply, and the configuration might be that of a 
very high speed glider with adequate surface protection against surface heating. 
For a one-man crew with research equipment, the empty mass would be 
10,000 lb. or less. With this weight and a wing area of 500 ft.*, the satelloid 
would consume about 34 lb. of propellant for each circumnavigation of the 
Earth, if its altitude were about 400,000 ft. and its speed were equal to that 
of a satellite 7m vacuo at the same altitude, i.e., 17,400 m.p.h. With 3,400 Ib. 
of fuel on board, and an orbit period of 1-44 hr., the satelloid would have a 
useful time at altitude of six days before having to glide in to the Earth. 


Aerodynamic Heating of Aircraft 

In connection with Ehricke’s satelloid and all manned vehicles faced with 
the problem of high speed re-entry into the Earth’s atmosphere, a description 
of some work, at the Ames Aeronautical Laboratory of the N.A.C.A., on 
aerodynamic heating will be of interest. The work has been concerned with 
the mode of heat generation, methods of heat dissipation, and the use of electrical 
analogues for heat flow in aircraft structures. It is reported that, while sharp- 
nosed wings are useful for low drag, the difficulty of-removing heat makes 
them more susceptible to failure by overheating. Wind tunnel tests indicate 
that a sharp-nosed wing became incandescent under simulated conditions at 
a Mach number of 6, while a blunt-nosed aerofoil remained relatively cool. 

Sweat cooling was found to be more promising than direct cooling of the 
inside of the skin by coolants, though the latter might have some use at very 
high altitudes, where the majority of the heat input would be by (solar) 
radiation: the coolant would transfer the heat from the light to the shady 
parts of the aircraft. 

Boundary layer control is important, due to the much lower heat transfer 
through laminar layers compared with turbulent layers: it is possible that 
one reason why sweat cooling is effective is that it assists in the maintenance of 
laminar flow. 

A resistance analogue computer is being used for investigating heat flow 
into structures, in such problems as flight at 40,000 ft., accelerating from a 
Mach number of 0-9 to 3-0, with a double-wedge wing of 6 ft. chord, 
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covered with titanium sheet. A result given by the computer was that the 
wing had a severe chordwise distribution of temperature, high at the nose to 
start, but finally very high at the trailing edge. Four minutes after the 
acceleration commenced, the underside of the wing was so hot that it would 
have been severely warped upwards. 


British High Altitude Rockets 

The design of a new high altitude research rocket has been completed in 
the United Kingdom, and first trial firings will take place at the Woomera 
test range in Australia in the second half of 1956. The new rocket has been 
designed by the R.A.E., and the length of the vehicle is reported to be 25 ft. 
with a diameter of 17 in. A slow-burning solid propellant is used, and the 
design altitude is 120 miles. 

Initial tests to be carried out with this new rocket will consist of upper 
atmosphere wind and temperature research, and other tests on the density and 
composition of the upper atmosphere will be carried out later. 


Projection of Small Objects into Satellite Orbits 

It is reported that attention is being given in the U.S.S.R. to the projection 
of small objects into satellite orbits by methods allied more to gunnery than 
rocketry. No definite information is available, but a sidelight on the possibi- 
lities of this technique is thrown by two extracts from the Journal of Applied 
Physics, in which it is stated that, by using cylindrical charges of high explosive, 
some 2} in. diameter and 7} in. long, velocities of over 3 km./sec. (10,000 ft./sec.) 
have been achieved. The missiles used were disc-shaped pellets, with a shallow 
conical surface placed towards the charge, and made of aluminium or synthetic 
resin, and the charges, fitted with initiators and boosters at one end, were 
coupled to the pellets at the other end by layers of castor oil or a polyester 
resin. The coupling medium is necessary to prevent the pellets being broken 
by excessive pressures and localized accelerations, but while oil always reduced 
the pellet velocity, polyester resin gave maximum velocities at a thickness 
of about 0-5 in., due to a resonance effect. Results so far obtained with pellets 
1 in. diameter and $ in. thick are about 3 km./sec. for aluminium (wt. 5-25 gm.) 
and about 4-2 km./sec. (14,000 ft./sec.) for polystyrene pellets, using castor 
oil as coupling to the end of charges made of C-3 high explosive. Slightly 
lower velocities were achieved with Tetratol and T.N.T. explosives. 

It is obvious that this technique could not be used for satellites with delicate 
equipment (or possibly other than solid bodies) but there is no reason why a 
larger version of this equipment might not be taken up by a large balloon 
or rocket and fired. Observation might be a difficulty, since, as Dr. Van Allen 
has mentioned, a 30-in. diameter sphere would be visible at dusk and dawn, 
only twice as bright as the faintest star visible to the naked eye. 


Missiles 
The Honest John weapon, which is “equivalent to medium- to long-range 
artillery,’”’ has a solid propellant rocket motor, is 27 ft. long and 30 in. diameter 
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and weighs 3 tons: its maximum speed is equal to a Mach number of 1-5, 
and its range is 15 to 20 miles. 

In order that confusion may be reduced when reading some of the newspapers 
and technical journals, the following list of U.S. missiles, on which work is 
proceeding during 1956-57, is given. 


Name User Maker Purpose 
Bomarc U.S.A.F. Boeing Surface-to-air 
Talos ” Bendix 2 
Falcon ” Hughes Air-to-air 
Rascal ” Bell Air-to-surface 
Matador ” Martin Surface-to-surface 
Snark ” Northrop 
Navaho 9 North American ” 

= ” Convair 1.C.B.M. 

— » Martin ” 

Terrier U.S. Navy Convair Surface-to-air 
Talos ” Bendix 

Sparrow ” Sperry Air-to-air 
Regulus ” Chance Vought Surface-to-surface 
Petrel ” Fairchild Air-to-water 
Sidewinder ” Philco Air-to-air 

Nike U.S. Army Douglas Surface-to-air 
Corporal 2 Firestone Surface-to-surface 
Redstone ” Chrysler ” 


The total amount of money to be spent in the U.S. during the 1956 fiscal 
year on guided missiles is just under 10° dollars. 


NOTES AND NEWS 


Informal Meetings 

In response to a number of requests the Council has decided to continue with 
the Informal meetings to be held at the Masons’ Arms, Maddox Street (off 
Regent Street), W.1, and has fixed the following dates, beginning about 7.30 p.m., 
though there is no fixed time of arrival:—June 2, July 7, August 11, September 8. 

Although the meetings will still retain their informa! character, it is hoped to 
introduce a degree of semi-informality in order to maintain a fair degree of 
interest in the activities. This might include arranging several short talks, 
possibly illustrated, and even the occasional screening of a film and a small 
Committee has been appointed, consisting of Messrs. R. Ward, A. M. Kunesch, 
J. J. Ward, to plan these matters. The Members of the Committee will be 
happy to welcome anyone who comes along, perform introductions, and generally 
see that everything runs smoothly. Any talks arranged may not necessarily be 
directly related to space-flight, as it has been found from experience that interest 
ranges from the death-watch beetle to the existence of ghosts, frequently 
coupled with references to rocket instability, combustion problems, and various 
remarks on some mathematical matters which can only be expressed in symbols. 
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Members of the Council and other leading Fellows of the Society will be 
available to discuss topics of mutual interest and every opportunity will be 
afforded for members to get to know each other. Will we see you there? 


Eleventh Annual General Meeting 

In order to save time the Chairman’s Address was taken as read at the 
Eleventh Annual General Meeting of the Society held at Caxton Hall on April 21, 
1956. After the Balance Sheet and Accounts had been accepted without dissent, 
the Chairman announced that the following new members of the Council had 
been elected as a result of the postal ballot :— 


S. W. Greenwood, W. N. Neat, Dr. A. E. Slater, R, A. Smith. 


The Chairman welcomed Mr. W. N. Neat, who was previously a member of 
the Council for 1952/54, and who has accordingly now returned to the fold, and 
also said he was very glad to welcome Mr. S. W. Greenwood too, who was a 
completely new member joining the Council for the first time. In regard to the 
unsuccessful candidates, a particular word of thanks was due to Mr. Dennis 
Hurden for his loyal support and frequent contributions to the Journal in the 
past, while a further word of thanks was due also to the remaining Fellows who 
had demonstrated their enthusiasm by allowing their names to be put forward 
as candidates for the voting. 

The next part of the meeting concerned the approval of four Special Resolu- 
tions to the Society’s Constitution, put forward for reasons already explained in 
the Chairman’s Address. Briefly, the Council had often felt that the older 
members of the Society who had been very loyal but who are not eligible for 
Fellowship should have a higher status in the Society, with the additional 
privilege also of paying a higher subscription ! An amendment for the inclusion 
of ‘Corporate Members” arose from the fact that the Society was interested in 
obtaining support from industry, learned institutions, etc., if suitable occasion 
arose in the future, very much on the same lines as was done already by the 
International Astronautical Federation and the American Rocket Society. 

A further point arose from the fact that the Council had frequently been 
asked for special rates by students who were unable to pay the full subscription. 
Reduced fees payable by students were commonly met with in the Constitutions 
of other Bodies, and the Council felt that this was, in fact, a good thing to do, 
and for that reason felt that they should ask the general Membership for their 
support in such a measure. 

All of the four Special Resolutions were then submitted to the meeting 
individually and were approved. 

After the formal business, a general discussion took place during which 
members raised various points of interest. It was mentioned that the Council 
intended to run a series of Informal meetings at the Masons’ Arms, during 
the summer months, as, although these were not strongly supported in the past, 
it was felt that they fulfilled a very useful purpose. It was decided that an 
attempt be made to introduce a degree of semi-formality for the future and 
endeavour to arrange, e.g. short talks, a possible short film show, etc., though 
this was a matter which was to be left in the hands of a small Committee of three 
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London Fellows appointed for the purpose. It was very much hoped that many 
members of the Society would be willing to support such a venture, and a 
particular welcome was extended to those from the Provinces and abroad who 
might occasionally be in London on any of the appropriate dates. 

One member advanced the suggestion that the Society should set examina- 
tions. The Chairman replied that this had been raised before but we have to 
admit that we are still amateurs compared with the big professional Societies. 
We are not big enough to undertake examination arrangements, but we have 
already a provision which adequately covers this point as it is always open to 
any member to submit a thesis on a relevant subject, which, if acceptable by 
the Council, would deem to be eligible to support a transfer to Fellowship. 

An appeal came from the body of the Hall for a note about forthcoming 
meetings on the back page of each issue of the Journal, on the grounds that the 
Lecture Programme proved a most elusive document at vital moments. It was 
agreed that an endeavour be made to do this, though it had not proved very 
satisfactory in the past, e.g. owing to printing delays, etc., and in any case it 
was usually very easy to remember the appropriate dates, as the London 
meetings were always held on the first Saturday of the month. A similar 
situation applied in regard to Branch meetings. 

The Chairman concluded by mentioning that, with effect from this meeting, 
he would no longer be Chairman of the Council as his three years’ term of office 
had expired. He paid acknowledgement to the other members of the Council 
whose co-operation had made possible and enjoyable a most successful term of 
office, and wished success to the new member of the Council, who would be 
taking ovei this task. 


Interplanetary Publishing Co. 

The Society has now added another service to those already provided 
to its members and made arrangements for members to order books on Astro- 
nautics, Astronomy, Rocket engineering and associated sciences through :— 

The Interplanetary Publishing Co., 
12, Bessborough Gardens, S.W.1. 

This new service will provide guidance on reliable books covering a wide 
variety of fields related to spaceflight, as well as spaceflight itself—particularly 
to new members—and it is hoped that it will be used to the full. In addition 
to providing recommendations for suitable reading matter, it will also operate 
as an Agency for supplying these books at short notice. 

The new company will be a selling agency operating on behalf of the 
Society, and is an endeavour to increase its revenue, the need for which has 
become more pressing recently in view of the latest increase of postal charges 
and printing costs which are estimated to add another £500 to the bill for the 
Journal during the forthcoming year. 

At present, and until the service is fully developed, only books published in 
the United Kingdom can be obtained. A new and revised Book List together 
with an order form is enclosed with this Journal. 

Unfortunately, it will not be possible to open credit accounts at the present 
time, and orders can only be dealt with if sufficient remittance is enclosed. 
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ABSTRACTS 


Edited by J. HUMPHRIEs. 

A list of abbreviations of titles of journals was included with the 1954 index 
and addenda have been published in subsequent issues of the Journal. A further 
addendum is given below. 

Bull. Egypt. Astr. Soc. Bulletin of the Egyptian Astronautical Society. 


Fifth Symp. Comb. Fifth Symposium (International) on Combustion, 
Oil Gas J. Oil and Gas Journal. 
AERODYNAMICS 


(137) Flight measurements of aerodynamic heating and boundary-layer 
transition on the Viking 10 nose-cone. R. B. Snodgrass. Naval Res. Lab. Rep. No. 4531 
(Rocket Res. Rep. No. XX), 67 pp. (June 16, 1955). Viking 10 carried a special stainless-steel 
nose-cone instrumented to record local transient skin temperatures at 22 points. The 
resultant data covered a Mach number range of 1-20 to 5-28 and a Reynolds’ number range 
of 56 x 10% to 10-45 x 10%. Primary purpose was to obtain flight measurements of super- 
sonic convective heat-transfer coefficients and to detect transition of the boundary layer 
from turbulent to laminar flow. Results are presented and discussed. (13 refs.) 


ASTRONAUTICS 

(138) Rocketry and astronautics. R. Engel. Bull. Egypt. Astr. Soc., 1, 8-13 (1955). 
General review. 

(139) Apparent passage of the Earth across the Sun in a journey from the 
Earth to Mars. G.A.Crocco. Atti. Accad. Naz. Lincei (R.C. Cl. Sci. Fis. Mat. Nat.), 18, 
16-17 (March, 1955). (In Italian.) 

(140) Orbital radio relays. J. R. Pierce. Jet Propulsion, 25, 153-157 (April, 1955). 
While orbital radio relays probably could not compete with microwave radio relay for 
communication over land, they might be useful in transoceanic communication. Three sorts 
of repeaters appear to be possible: (a) 100-ft. reflecting spheres at an altitude of around 
2,200 miles; (b) a 100-ft. oriented plane mirror in a 24-hr. orbit, at an altitude of 22,000 miles; 
(c) an active repeater in a 24-hr. orbit. Cases (a) and (6) require at 10 cm. wavelength 250 ft. 
diameter antennas of 100 kW. and 50 kW. power respectively; in case (c), using 250-ft. 
antennas on the ground and 10-ft. antennas on the repeater, only 100 watts on the ground 
and 0-03 watt on the repeater would be required. In cases (b) and (c) the problem of main- 
taining the correct orientation and position of the repeater is critical; perturbations by the 
Moon and Sun might cause the satellite to rock or wander prohibitively. (8 refs.) 

(141) “Satelloid’’ debut, Soviet delegates highlight Astronautical Congress. 
F. I. Ordway, H. E. Canney and N. V. Petersen. Aviation Wk., 63 (13), 23-24, 26 (Sept. 26, 
1955). Review of papers given at 6th International Astronautical Congress. 

(142) U.S. plans to launch 12 Earth satellites. P. J. Klass. Aviation Wk., 63 (25), 
12-13 (Dec. 19, 1955). Hitherto unreleased details given at A.R.S. meeting. Details of size, 
life, orbits and instrumentation. 

(143) Satellite nears final design as scientists fight deadline. Aviation Wk., 
65 (5), 37 (Jan. 30, 1956). Further vehicle details, including propellants and motors for 
first two stages and approximate trajectory data. 


ASTRONOMY 


(144) On the Martian surface features. G. P. Kuiper. Publ. Astr. Soc. Pacif., 
67, 271-298 (Oct., 1955). An account of new findings with regard to the nature of the 


dark areas. 

(145) Temperatures on the bright and dark sides of Venus. E. Pettit and 
S. B. Nicholson. Publ. Astr. Soc. Pacif., 67, 294-304 (Oct., 1955). Details of the measure- 
ments and reductions made by the authors at Mount Wilson. 


ATMOSPHERE 


(146) Measurements in the E layer with the Navy Viking rocket. J. E. 
Jackson. j. Geophys. Res., 59, 377-390 (Sept., 1954). Results of measurements made in 
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November, 1950. A rapid increase in electron density from 92 km. to near 110 km. is 
indicated followed by a very slow increase from 1-3 x 10° electrons/cm.’ at 110 km. to 
1-8 « 105 electrons/cm.* at 165 km. 

(147) Rockets as implements to upper air investigation. M. R. Madwar. Bull. 
Egypt. Astr. Soc., 1, 14-20 (1955). General review of work attempted to date. 

(148) Photography from the Viking 11 rocket at altitudes ranging up to 158 
miles. R.C. Baumann and L. Winkler. Naval Res. Lab. Rep. No. 4489 (Rocket Res. Rep. 
No. XVIII), 22 pp. (Feb. 1, 1955). An aircraft-type camera took 39 pictures at altitudes 
from 65 miles on the ascent, through the peak of 158-4 miles to 33-3 miles on the descent. 
Ten of the photos are reproduced. 

(149) Dissociation of oxygen in the upper atmosphere. E.T. Byram, T. A. Chubb 
and H. Friedman. Phys. Rev., 98, 1594-1597 (June 15, 1955). By measurements of 
ultraviolet solar transmission, using an Aerobee, it was found that at 120-130 km. 12 per 
cent. of the atmospheric oxygen was still undissociated. (13 refs.) 


CHEMISTRY 

(150) Thermal properties of commercial white fuming nitric acid. T. R. 
Bump, P. F. Pagerey, J. P. Kern, D. W. Fyfe, C. R. St. Clair and W. L. Sibbitt. Jet 
Propulsion, 25, 170-172, 180 (April, 1955). Thermal conductivity, viscosity, specific heat, 
density and total pressure were measured and are compiled for the temperature range 
— 30 to + 300° F. (16 refs.) 

(151) Nitric acid-nitrogen dioxide-water system. A. B. McKeown and F. E. 
Belles. Ind. and Engng. Chem., 47, 2540-2543 (Dec., 1955). Vapor pressures were determined 
over the range 71-97 per cent. nitric acid, 0-20 per cent. nitrogen dioxide and 0-15 per cent. 
water. Heats of vaporisation are estimated. (19 refs.) 


MATERIALS 


(152) Corrosion of metals of construction by alternate exposure to liquid and 
gaseous fluorine. R. M. Cundzik and C. E. Feiler. N.A.C.A. Tech. Note No. 3333, 
10 pp. (Dec.,1954). 


MISCELLANEOUS 


(153) Cal Tech’s role in missiles, rocketry. I. Stone. Aviation Wk., 64 (7), 48-49, 
51, 53 (Feb. 13, 1955). Description of the facilities and work of the Jet Propulsion Labora- 
tory. Aerodynamics, materials and electronics are dealt with as well as rocket motors. 

(154) At Woomera. Flight, 68, 318-320 (Aug. 26, 1955). Description of the facilities 
at the Weapons Research Establishment. 


PROJECTILES 


(155) Vibration in the Viking 9 rocket. M. W. Oleson and C. B. Cunningham. 
Naval Res. Lab. Rep. No. 4440 (Rocket Res. Rep. No. XVI), 69 pp. (Nov. 19, 1954). Five 
vibrational velocity pick-ups and one microphone were installed for static test and flight. 
Records indicate that the static test provides a good mechanical environmental test of 
installed equipment. Equipment is described and the records obtained are reproduced. 


(156) Rockets and missiles. A.C. Robotti. Alata (114) (Dec., 1954). (In Italian.) 
General review of missile requirements, their power-plants and methods of guidance. 


(157) Enter the super rocket. K.R. Stehling. Aviation Age, 22, 16-23 (Dec., 1954). 


(158) U.S. guided missile progress, 1954. N. J. Bowman. /. Space Flight, 7 (3), 
1-10 (March, 1955). Includes tabulated data on all U.S. missiles. (7 refs.) 

(159) Ullage requirements in tanks. D. B. Harmon. Jet Propulsion, 25, 176, 
180-181 (April, 1955). Two formulae are derived for the required ullage fraction in a sealed 
tank containing liquid for given values of allowable tank pressure and storage temperature. 


(160) The Viking 10firings. M. W. Rosen and J. M. Bridger. Naval Res. Lab. Rep. 
No. 4513 (Rocket Res. Rep. No. XIX), 35 pp. (May 5, 1955). The first attempt to fire this 
rocket met with disaster when, on ignition, an explosion occurred in the combustion chamber. 
After rebuilding it was successfully fired on May 7, 1954 and reached a height of 135-9 miles. 
Details of instrumentation and flight performance are given. Trajectory analysis is given 
in an appendix. (6 refs.) 
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(161) Motion-picture photography in guided-missile research. W. A. Price 
and E. H. Ehling. J. Soc. Mot. Pict. Televis. Engrs., 64, 310-314 (June, 1955). Use in 
recording flight of missiles, including description of equipment, techniques and accuracy 
limitations. 

(162) Defence missiles of the free world. Aero Dig., 71 (1) 24 (july, 1955). 
Tabulated data. 

(163) State of the art. Aero Dig., 71 (1) 25-29 (July, 1955). General review of 
American missiles. 

(164) Foreign missile trends. E. Bergaust. Aero Dig., 71 (1) 30-33 (July, 1955). 
General review of conventional missiles of Britain, France and Switzerland and discussion 
of photon rockets. 

(165) A programme for missile vibration control through environmental 
testing. B. Levine and G. F. Christopher. Aero Dig., 71 (1) 66-68, 70, 72 (July, 1955). 
The production of a vibration specification and the use of testing for quality maintenance. 

(166) Terrier-armed cruiser to defend Navy’s Atlantic fleet task forces. 
D. A. Anderton. Aviation Wk., 63 (19) 14-15 (Nov. 7, 1955). 

(167) Inertial navigation: out of the laboratory into missile systems. P. Klass. 
Aviation Wk., 64 (1) 32-35 (Jan. 2, 1956). In inertial navigation the position of the vehicle 
is determined from the accelerations it undergoes. Basic principles are discussed. 

(168) Old idea opens door to inertial guidance. P. J. Klass. Aviation Wk., 64 (2) 
42-43, 45-47 (Jan. 9, 1956). The Schuler 84-minute pendulum and its applications to the 
stabilised platform. 

(169) “Honest John” replacing medium artillery. Aviation Wk., 65 (5) 41, 43 
(Jan. 30, 1956). Details of missile which weighs 3 tons, is 21 ft. long, is 30 in. in diameter 
and has no guidance. 

ROCKET MOTORS 

(170) Optical studies of rocket combustion, final summary report. New York 
Univ. College of Engng. Rept. No. A D-26209, 17 pp. (Jan. 15, 1954). 

(171) Development and appraisal of a photographic technique for rocket motor 
combustion study. G. A. Agoston. Calif. Inst. Tech., Jet Prop. Lab. Rept. No. 25-1, 17 pp. 
(Jan. 29, 1954). 

(172) Refractory lining for combustion chambers. J. L. Utter. U.S. Pat. No. 
2,683,667 (July 13, 1954). An air-drying coating which is resistant to thermal and mechani- 
cal shock and to erosion. It consists of silica and magnesia with a binder mainly of ethyl 
silicate and methyl alcohol. It adheres to most metals. 

(173) Marine Corps demonstrate new ROR system. G. F. Champlin. Amer. 
Helicopter, 36, 9-10 (Sept., 1954). 

(174) Control rocket vibrations. Research for Industry, 7, 1 (Nov., 1954) 
Rough burning can be controlled by wall roughness, for example by the use of a sintered 
bronze wall. 

(175) Preliminary measurements of the combustion time lag in a mono- 
propellant rocket motor. L. Crocco, J. Grey and G. B. Matthews. Fifth Symp. Comb., 
164-170 (1955). Describes techniques and some of preliminary test results. A rough 
indication of the variation of average total time lag with chamber pressure was obtained 
for ethylene oxide. (13 refs.) 

(176) Indicated instantaneous temperatures of liquid rocket exhausts and 
combustion chambers. J. H. Hett and J. B. Gilstein. Jet Propulsion, 25, 119-127 
(March, 1955). The temperatures in an alcohol-oxygen rocket were measured by a modified 
two-path method. The values obtained were lower than the theoretical temperatures. 
(7 refs.) 

(177) The rocket motor. S. J. M. van Munster. Polytechnisch Tydschrift, 10 
233a-240a (March, 1955.) (In Dutch.) Discusses various types of motor, materials of 
construction and propulsion theory. (12 refs.) 

(178) Combustion temperatures and gas composition. R. Vichnievsky, B. Sale 
and J. Marcadet. Jet Propulsion, 25, 105-118 (March, 1955). A rapid approximate method 
taking into account dissociation. (19 refs). 

(179) Low-frequency combustion stability of liquid rocket motor with different 
nozzles. S.-I. Cheng. Jet Propulsion, 25, 163-167 (April, 1955). For a monopropellant 
motor it is shown that about nine-tenths of the converging portion of the nozzle volume 
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should be added to the chamber volume in evaluating the gas residence time. For bipro- 
pellant rockets the situation is slightly more complicated, but the qualitative trend is the 
same as for the monopropellant rocket. (10 refs.) 

(180) Liquid propellant rocket design considerations. H. J. Jansen. Aero Dig., 
71 (1) 54, 56, 58 (July, 1955). Discusses accessibility, starting systems, propellant valves, 
tank design, expulsion methods and explosion hazards. 

(181) Solid propellant rocket design. R.S. Newman. Aero Dig., 71 (1) 40, 42, 
44, 46, 48, 50, 52 (July, 1955). Considers thrust-time characteristics, propellant choice and 
configuration, erosive and unstable burning, grain support, ignition, fabrication and 
associated components. 

(182) Liquid propellant injection system for jet motors. M. J. Zucrow. U.S. 
Pat. No. 2,714,286 (Aug. 2, 1955). 

(183) Determining the minimum combustion chamber volume by nomogram. 
R. Novotny. Aero Dig., 71 (3) 27-29 (Sept., 1955). A method of determining chamber 
volume using the V.2 as a standard. (1 ref.) 

(184) Rocket engines. W. P. Brotherton. Ordnance, 40, 418-420 (Nov.-Dec., 1955). 





ROCKET PROPELLANTS 

See also abs. nos. 150 and 151. 

(185) Study of the ignition lag of liquid propellants. M. Barrére and A. Moutet. 
Fifth Symp. Comb., 170-181 (1955). Experimental investigation of operational ignition lag. 
Results are given for various fuels with nitric acid. (12 refs.) 

(186) Surface properties of liquid propellants and their effects on the kinetics 
of ignition. M. L. J. Bernard. Fifth Symp. Comb., 217-223 (1955). Description of open- 
cup and impinging-jet apparatus for ignition delay measurement. Experimental results 
showing effect of various fuel additives when nitric acid is used as oxidant. Interfacial 
tension is shown to be important. (8 refs.). 

(187) Measurement of the temperature distribution in burning liquid strands. 
D. L. Hildenbrand and A. G. Whittaker. Fifth Symp. Comb., 212-216 (1955). Temperature 
surveys made on two burning liquids to obtain fundamental data for the elucidation of 
combustion phenomena. (4 refs.) 

(188) A study of fast reactions in fuel-oxidant systems. M. Kilpatrick and 
L. L. Baker. Fifth Symp. Comb., 196-205 (1955). Equipment for measuring the ignition 
delay of rapidly-mixed propellants is described. Results are given for various propellant 
mixtures with particular reference to anhydrous hydrazine/nitric acid. (19 refs.) 

(189) Studies of the rates of combustion of hypergolic fluids. F. McCullough 
and H. P. Jenkins. Fifth Symp. Comb., 181-190 (1955). Description of apparatus for 
combustion rate measurement and presentation of some results. (4 refs.) 

(190) Oscillation of the flame front between two unlike droplets in a bipropel- 
lant liquid system. C. C. Miesse. Fifth Symp. Comb., 190-195 (1955). It is deduced 
theoretically that oscillations of any frequency can be established by the instability of the 
flame front between two unlike droplets. (5 refs.) 

(191) Mechanism of burning of nitrate esters. R. Steinberger. Fifth Symp. 
Comb., 205-211 (1955). Experimental data shows that a diffusion mechanism of flame 
propagation probably operates but detailed chemical reaction sequence is still in doubt. 
(9 refs.) 

(192) Nitrogen tetroxide. E. D. Crittenden and T. J. McGonigle. Aero Dig., 71 (1) 
60, 62, 64 (July, 1955). Discusses mixtures with nitric oxide. A 70/30 mixture is easy to 
handle and gives a higher performance as oxidant than hydrogen peroxide or nitric acids. 
Physical properties of these mixtures are considered. (2 refs.) 

(193) Mobile conditioning units. E.Harslem. Aero Dig., 71 (1) 74, 76, 78 (july, 
1955). Descriptions of units for heating or cooling propellants and air. 

(194) Humidity control for rocket fuel testing. F.M. Thomas. Oi/ Gas J., 54, 
130, 133 (July 11, 1955). Dehumidification system for testing solid propellants. 


ROCKET PROPULSION 


(195) Note on the equation of motion of a rocket. B.Saelman. Amer. J. Phys., 
24, 43 (Jan., 1955). Derivation of equation. 
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ROCKET POSTCARDS—SPECIALLY REDUCED PRICE 


In order to dispose of remaining stocks, the set of six rocket postcards, size 
44 in. by 5% in. are being offered to members at a specially reduced price of 


1/3 post free. 
The cards are as follows: 
(a) “Viking’’ No. 9. (d) WAC-Corporal and V2 _ booster 
rocket. 
(b) Experimental “Hermes” rocket (e) “Viking” in firing position. 
missile. 


(c) “Viking” being fired at White Sands. (f) WAC-Corporal and launching tower 


Orders (with remittances) should be sent to the B.I.S. Secretary, 12, Bess- 
borough Gardens, London, S.W.1. 








THE BRITISH ASTRONOMICAL ASSOCIATION 


Founded 1890, now numbers 2,000 members. Open to all interested in 
Astronomy. Chief objects are the association of observers for mutual help, 
circulation of astronomical information, and encouragement of popular interest 
in Astronomy. The Association issues a Journal about nine times annually, 
Circulars giving current Astronomical news, a Handbook annually and Memoirs on 
the work of Sections, including the Sun, Moon, Planets, Comets, Aurore, and 
Variable Star Sections. 

The Association has a good Lending Library and Lantern Slide Collection. A 
number of instruments are also available for loan to members 


For further particulars apply to 
The Assistant Secretary, 303, Bath Road, Hounslow West, Middlesex 








ASTRONOMY FOR EVERYONE 


A popular illustrated monthly on 
astronomy and related sciences. 


amd SKY Star charts for all the sky; observer's 
a » page; telescope-making department; 
TEL S C O PE ; news notes ; amateur astronomer’s page: 


latest advances in astronomy. 
Subscription: $7.00 worldwide; $13.00 for two years; $5.00 U.S. and Latin America; 
$9.00 for two years. Sample copy sent on request. 
SKY PUBLISHING CORPORATION, Harvard Observatory, Cambridge 38, Mass., U.S.A. 











H. K. LEWIS & Co. Ltd. 


Scientific and Technical Booksellers 


A SELECTION OF BOOKS ON ASTRONAUTICS, ASTRONOMY AND 
METEOROLOGY ALWAYS AVAILABLE 


LENDING LIBRARY — SCIENTIFIC AND TECHNICAL 
Annual Subscription from TWENTY-FIVE SHILLINGS 
THE LIBRARY CATALOGUE revised to December, 1949, ining a 
Index of Authors and Subjects. 
To subscribers 17s. 6d. net. To non-subscribers 35s. net, postage Is. 3d. Supplement 1950 to 1952. 
To subscribers 3s. net; to non-subscribers 6s. net; postage 6d. Bi-monthly List of New Books and New 
Editions added to the Library, sent post free to all subscribers regularly 











H. K. LEWIS & Co. Ltd., 136 Gower Street, London, W.C./ 
Telephone: EUSton 4282 











GYRON-SPECTRE 
for the 


MIX ED-POWER-PLANT 


FORMULA 


The GYRON family of axial jet en- The SPECTRE series of  liquid- 
gines is designed to.a formula which propellent rocket engines develop 
embraces all the features indispens- maximum power at altitudes beyond 
able to supersonic flight. the scope of air-breathing engines. 


YF HAVILLAND ENGINE COMPARY LIMITED 


<a 





